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115. The Absorptiometric Determination of Traces of Metals. 
Reversion: A New Procedure. 


By Harry Irvine, E. J. Rispon, and GEOFFREY ANDREW. 


Factors influencing the accuracy with which metals can be determined absorptiometrically 
after extraction as complexes into an immiscible organic phase are discussed. Existing 
procedures are shown to fail when adventitious light-absorbing materials derived, from the 
analytical sample are absent in the control determination. A new procedure (“‘ @version ’’) 
designed to overcome these difficulties does not require reagents of known or constant 
composition. By reversion procedure a single calibration curve serves for the determination of 
a number of metals with dithizone. 


Many metals can be determined absorptiometrically by shaking their aqueous solutions with an 
appropriate reagent, HR, dissolved in an immiscible organic solvent into which the metal 

nHR + M** =—=MR,+nHt . .”. . 2. . « (I) 
complex formed in accordance with equation (1) is completely extracted at the pH employed. 
If C,° is the (fixed) original concentration of the reagent and C, the concentration of metal 
complex formed, the optical density, E,,, of a sample of the organic phase measured in a cell of 
length 1 cm. will be given by 


Em = ¢C, + €,(C,° — nC,)k = (€, — nke,)\C, + 6,C0,°kR « .« « « (2) 


where ¢, and ¢, are the molecular extinction coefficients of the complex and reagent respectively 
at the wave-length used. The factor k (0 < k < 1) arises from the fact that excess of reagent 
will be partitioned between the two phases to an extent dependent upon the pH and the ratio of 
phase volumes employed. 

When varying amounts of metal are shaken with a constant (and excess) amount of reagent, 
the ratio of phase volumes, the pH, and other factors such as time of shaking, composition and 
strength of buffer solutions, etc., being kept constant, a series of values for E,, are obtained 
which, when plotted against the amount of metal taken (a quantity to which C, will be directly 
proportional), provide a ‘‘ standard” or “ calibration’’ curve. The metal content of an 
unknown can now be obtained from this curve by interpolation. Traces of the metal being 
determined in any of the solvents or reagents used would naturally introduce an error which is 
allowed for by carrying out a “‘ blank ”’ and subtracting the amount of metal found by reference 
again to the standard curve. Now, if this ‘‘ direct’ procedure is to be reliable, the terms 
C,° and k of equation (2) cannot be allowed tovary. Over the range where Beer’s law is obeyed, 
the standard curve will be linear, and its slope (which is a measure of the sensitivity of the 
procedure) will be greatest when |e, — nke,| has its maximum value. For reagents colourless 
in the visible region maximum sensitivity is commonly obtained by measuring E,, at the wave- 
length where the coloured complex has its maximum absorption. Where ¢, > «, the term 
e,C,°k makes a negligible contribution to E,,, so that small variations in k or C,° are of little 
moment. The situation is, however, more complicated if the reagent [e.g., dithizone 
(diphenylthiocarbazone)] absorbs appreciably over the region where the absorption band of the 
complex rises to its maximum. Furthermore, the notorious impermanence of solutions of this 
reagent and the possibility of losses being incurred during extraction (g.v.) make it troublesome 
to ensure that C,° has the same value when an unknown sample is being analysed as it had when 
the standard curve was set up. 

The difficulty is simply overcome in many cases by carrying out a control experiment 
simultaneously with the determination of the unknown. If E,,’ be the optical density of such 
a ‘‘ blank ” we have, since in equation (2), C, = 0: : 


Em = ¢,C,°k, whence E,, — Ey,’ = (e, — mke,)C, . . - « « (3) 


In this case the standard curve is obtained by plotting AE,,, the difference between the optical 
density of blank and unknown, against the amount of metal taken: it will be independent of 
the concentration of reagent taken provided that k remains the same. The advantages of this 
“‘ compensation ”’ procedure, which both corrects for the presence of impurities in the materials 
used and absolves the analyst from the necessity of using reagent solutions of known or constant 
strength, are not sufficiently well known or appreciated. 

However, it is not always possible to ensure that the conditions obtained in the determination 
of the unknown are exactly reproduced when carrying out the blank. To particularise, the 
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value of k will depend upon the ratio of phase volumes, whilst dissolved salts will affect the 
partition coefficient of the reagent, and small variations of pH may greatly influence the extent 
to which it passes out of the organic phase. For example, for equal volumes of aqueous buffer 
and a solution of dithizone in carbon tetrachloride : 


PH of aqueous phase ...............00+. 8-25 8-50 8-75 9-00 9-25 
Dithizone % in organic phase ......... 84 72 58 42 . 26 


The position is even more complex with amphoteric reagents like oxine and its analogues. If 
the aqueous sample (e.g., a biological digest) contains hydrogen peroxide, nitrous acid, halogens, 
or permanganate, or kations such as tervalent iron or thallium, the reagent may be partly 
destroyed by oxidation, though this can generally be avoided by the addition of, e¢.g., 
hydroxylamine before extraction. However, the possibility of the reagent forming water- 
soluble complexes (as, ¢.g., aluminium does with 8-hydroxy-2-methylquinoline) which would 
reduce its concentration in the organic extract must not be overlooked. Apart from variation 
in C,° and in & there is, however, a more insidious source of potential error should the unknown 
(but not the blank) contain one or more additional metals capable of forming complexes under 
the experimental conditions used, or should the masking agent added to prevent the extraction 
of unwanted metal complexes prove inadequate to the demands made upon it. If C; is the 
concentration of such a complex, or that of any pigment or extractable impurity which would 
likewise augment the optical density of the organic extract, equation (2) must be amended to 


Em = ¢C. + &(C, —nC,—*)k + te; . . «. «. « (2a) 


where ¢; is the extinction coefficient of the impurity, »C, the number of equivalents of reagent 
used in complex formation, and x the amount lost in other ways. The difference between the 
optical density of blank and unknown will no longer be directly proportional to the amount of 
metal being estimated. Even the more elaborate procedures (cf. Kozelka and Kluchesky, 
Ind. Eng. Chem. Anal., 1941, 13, 484; Brown, ibid., 1946, 18, 493) must likewise fail if 
adventitious light-absorbing species are present. To meet such contingencies we have been led 
to devise the following new procedure. 

If E,, is the optical density of a ‘“‘ mixed-colour’”’ organic extract in a cell of length /, 
containing concentrations C, of metal complex MR,, C, of excess reagent, and C; of various 
coloured impurities of extinction coefficient ¢,, ¢,, and ¢;, we have 


at ee eS 


If now the organic phase is shaken with a reagent which will decompose only the metal complex 
MR, in the sense of equation (1) right to left, permitting the return of metal ion into the aqueous 
layer, whilst liberating an equivalent amount (mC,) of reagent in the organic phase, the optical 
density will change to a new value, E,, given by 


E, = (e,C, + ne,C, + Le,C,)/ . ° . ° ° ° ° (4) 
We shall refer to this process as “‘ reversion’”’. The change in optical density, which we term 
‘* the reversion value ’”’, R, is given by : 

R= E,— E,, = iime,—e)C, .§ . -~ «© © + - S&H 


It follows that a plot of reversion value against the amount of metal extracted should be linear, 
independent of the actual concentration of reagent used, and unaffected by the presence of other 
light-absorbing components. This treatment assumes that the composition of the complex 
remains unchanged over the range of values of C, involved, so that the number » is constant (but 
not necessarily integral), that Beer’s law is obeyed by the reagent and its metal complexes, and 
that the reversion reagent is truly specific. The choice of reversion agent will naturally depend 
upon the metal being determined and the nature of other revertible materials present. 
Qualitative data concerning the stability of various metal complexes in the presence of hydrogen 
ions, or anions, or organic reagents capable of competitive complex formation are often available 
and these, together with a knowledge of the analytical chemistry and pH-extractability curves 
for the elements concerned, provide a basis for developing a rational reversion procedure. Its 
value when determining mercury in the presence of much copper is demonstrated in the following 
paper. 

Both E,, and E, are measured at the same wave-length, which for maximum sensitivity 
should be that for which |me,—e,| is greatest. For most metal-dithizone systems this 
condition will be satisfied by choosing the wave-length at which the reagent itself absorbs most 
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strongly (~6000a.). A point of some interest arises from the fact that most metal 
“ dithizonates ” transmit freely at this wave-length: since ¢, can be neglected in comparison 
with ¢,, equation (5) reduces to R = nC/Je,, and a single calibration curve can be used for the 
determination of a variety of metals provided the concentration axis is graduated in units of 
gram-equivalents. Indeed, since all measurements of optical density involve essentially the 
same species (dithizone), the same lamp-filter combination being used throughout, the slope e, 
of the reversion curve will be identical with that of the graph relating the concentration and 
optical densities of solutions of pure dithizone. A Hilger ‘‘ Spekker’’ absorptiometer being 
used with a tungsten lamp and Ilford orange filter No. 607, the value of e, (effective) for dithizone 
was 30°5 x 10° and 26°75 x 10® 1./g.-mol./em. for chloroform and carbon tetrachloride, 
respectively. Higher sensitivities could, of course, be obtained with a more suitable filter, or 
with a spectrophotometer. Reversion data for the representative uni-, bi-, and ter-valent 
metals silver, lead, mercury, and bismuth, plotted in the figure together with a line of slope 
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26°75 x 108, demonstrate the correctness of our predictions and establish the formule AgDz, 
PbDz,, HgDz,, and BiDz, for the absorbing species (Dz = C,,;H,,N,S)—at least when an excess 
of dithizone is present. . 

2: 3-Dimercaptopropanol (‘‘ BAL ”’) appears to have great possibilities as a reversion 
reagent, for it will revert all metal dithizonates we have so far examined over a wide range of 
pH. The determination of several constituents in the same solution is made possible by using 
‘* BAL ” to determine the total metal content, or the amount remaining after selective reversion 
of individual constituents. Reversion procedure is not, of course, limited to the dithizone 
system, for the principle is equally applicable to other suitable systems, e.g., metals and 
o-nitrosophenols or oxine, etc., or to measurements on mixtures of compounds absorbing in the 
ultra-violet or infra-red. 

EXPERIMENTAL. 

Materials.—Fresh distilled water, chloroform, carbon tetrachloride, and acetic acid were redistilled 
from Pyrex vessels shortly before use. Solutions of ammonia and hydrochloric acid were prepared by 
— the pure gases into metal-free water. Dithizone was purified several times as recommended by 

andell (“* Colorimetric Determination of Traces of Metals ’’, New York, 1944, p. 89). The procedure 
followed in cleaning glassware, storing dithizone solutions, preparing metal-free buffers, etc., followed 
the recommendations of Bambach and Burkey (Ind. Eng. Chem. Anal., 1942, 14, 904). 

Standard Curve for Dithizone in Carbon Tetrachloride.—The following optical densities of solutions 
obtained by diluting a standard containing 8-376 mg. of highly purified dithizone in 1 1. of carbon 
tetrachloride were measured in a 1-cm. cell by using the absorptiometer, lamp, and filter specified above. 
The drum was set to read 0-870 with the comparison cell containing pure solvent. 


Optical density ......... 0-086 0-178 0-266 0-353 0-437 0-524 0-606 0-686 0-772 0-856 
Concn., mg./l.......... 0-838 1-675 2-513 3-350 4-188 5-026 5-863 6-701 7-538 8-376 
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The plot is linear up to at least 6-5 mg./l., with a slope of 26-7 x 10% 1./g.-mol./cm. A recalibration 
carried out independently a year later on another sample of dithizone gave e, (effective) = 26-8 x 10%. 

Standard Curve for Dithizone in Chloroform.—Dilute solutions were prepared from a standard 
containing 16-8 mg./l. The plot is linear up to about 6-5 mg./l. with e, (effective) = 
30-5 x 108 1./g.-mol./cm. : 


Optical density... 0-102 0-205 0-410 0-605 0-790 0-935 1-100 1-215 1-32 1-42 1-50 
Concn., mg./l. ... 0-84 1-68 3°36 8 8=— 5-04 6-72 8-40 10:08 11:76 13-44 15-12 16-8 


Reversion Curve for Lead.—10 M1. of citrate buffer (50 g. of citric acid in 100 ml. of water brought to 
pH 8-5—9-0 with ammonia), 5 ml. of 10% w/v potassium cyanide solution, x ml. of standard lead 
solution (9-986 mg. of ‘“‘ Spekpure ”’ lead in 1000 ml. of 1 : 100 nitric acid), and (25 — *) ml. of nitric acid 
(1 : 100) were shaken for 2 minutes in a pear-shaped separating funnel with 20 ml. of dithizone solution 
(5 mg./l.). After settling, a portion of the organic phase was withdrawn through a dry pledget of (metal- 
free) cotton wool, and its optical density, E,,, determined in the usual manner. A further portion (about 
10 ml.) was withdrawn into another separating funnel and reverted by shaking for 2 minutes with an 
approximately equal volume of 5n-sulphuric acid. After the layers had separated, a portion of the 
organic phase was withdrawn as before for the measurement of its optical density, E,. The plot of 
reversion values against concentration is linear up to 1-25 p.p.m., a reversion value of 0-1 unit of optical 
density corresponding to 3-76 x 10-* g.-equiv./l. or 0-388 yg. of lead/ml. 


Concn., Concn., 

g.-equiv. / g.-equiv. / 
x,ml. 41. x 106. Bn E,. R. zml. 1x 16. | E,. R. 
0-0 0-0 0-265 0-274 0-009 1-20 5-79 0-183 0-347 0-164 
0-295 1-45 0-237 0-288 0-051 1-50 7-23 0-195 0-400 0-205 
0-405 1-93 0-247 0-312 0-065 1-70 8-20 0-156 0-387 0-221 
0-50 2-41 0-240 0-318 0-078 2-00 9-64 0-120 0-392 0-272 
0-70 3-38 0-228 0-320 0-092 2-19 10-60 0-115 0-404 0-289 
0-90 4-34 0-202 0-329 0-127 2-50 12-05 0-113 0-438 0-325 
0-98 4-81 0-192 0-326 0-134 2-95 14-5 0-035 0-385 0-350 


No special care was taken in measuring the cyanide solution, so the pH of extraction may have 
varied somewhat from point to point. The determinations were not carried out in the order quoted 
above and no special pains were taken to ensure the constancy of the strength of reagent. These 
(deliberate) sources of variation are the cause of the irregularities in E,, and illustrate some of the 
drawbacks of the ‘“‘ direct’’ procedure (p. 537). The reversion values, however, are free from such 
irregularities, as expected. The “‘ blank ’’ reversion value of 0-009 may be due to impurities or to the 
fact that the solvents used were not completely immiscible. It was subtracted from all reversion values 
before the figure was plotted; but since its magnitude does not affect the slope of the reversion curve this 
refinement is not a practical necessity. Repetition of these experiments with a sample of dithizone 
which had not been specially purified gave a reversion curve of substantially the same slope. 

The 1-cm. Spekker cells require about 7 ml. of solution. Where it is desirable to use only 10 ml. of 
dithizone for extraction no serious error due to evaporation is incurred if, after measurement of E,,, the 
contents of the cell are transferred to a separatory funnel and reverted together with sufficient of the 
remaining mixed-colour extract to give at least 7 ml. for the measurement of E,. The scale can be still 
further reduced if 1-cm. micro-cells are available. 

Reversion Curve for Bismuth.—40 M1. of a citrate—cyanide buffer of pH 8-8 containing known amounts 
of bismuth were extracted with 20 ml. of a solution of dithizone in chloroform as described for lead. 
Reversion was effected with 2N-sulphuric acid : 


Conen., g.-equiv./l. x 10® ...... 1-78 3:57 4%9 535 714 892 928 10-71 12-85 
Reversion value .........0+cs000++ 0-049 0-095 0-119 0-134 0-184 0-227 0-235 0-251 0-291 


Reversion Curve for Silvey.—Varying known amounts of silver in 10 ml. of N/100-sulphuric acid 
(pH 3-0—3-1) were extracted with 10 ml. of dithizone solution (E, = 0-49). Reversion was effected by 
shaking the mixed-colour extract with an equal volume of 6% w/v potassium iodide in 0-25N-sulphuric 
acid : 


Concn., g.-equiv./l. x 10® ...... 0-925 1-85 3-70 6-48 7°35 8-34 11-57 
Reversion value ...........sseee0e 0-023 0-046 0-091 0-160 0-182 0-208 0-291 


Reversion Curve fox Mercury.—Mercury was extracted from 10 ml. of N/4-sulphuric acid by 10 ml. of 
dithizone (E, = 0-64). Reversion of a portion was effected with an equal volume of acidified potassium 
iodide solution (2% w/v in Nn/100-hydrochloric acid containing sufficient sodium thiosulphate to 
decolourise the mixture; cf. Morrison and Paige, Ind. Eng. Chem. Anal., 1946, 18, 211) : 


Concn., g.-equiv./l. X 10% — .........ccsccceee 2-49 3-99 4-99 6-98 9-97 11-96 
EN WD nc icncccscccrvedinstsinionsbiesi 0-068 0-109 0-130 0-179 0-255 0-319 


The reversion curve in chloroform has been studied in greater detail (see following paper) and is strictly 
linear over the range 0 R<_ 0°73. 

Reversion by 2: 3-Dimercaptopropanol.—Metal complexes formed by this reagent (‘‘ BAL ’’) are 
much more stable than metal dithizonates under comparable conditions. The addition of one drop of 
0:5% w/v solution in chloroform caused immediate and quantitative reversion of solutions of mercury 
dithizonate in chloroform or carbon tetrachloride. That the reagent is equally effective in reverting 
dithizonates of copper and lead was demonstrated as follows. 20 Ml. of a solution of dithizone 
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in chloroform (5-27 mg./l., Ey = 0-634) were vigorously shaken for 4 minute (100 shakes) with 20 ml. 
of (a) a borax-sodium hydroxide buffer of pH ~10 previously freed from all extractable metallic 
impurities and left saturated with chloroform, (b) the same buffer containing known amounts of copper 
or lead, and (c) the mixtures used for (b) with the addition of a factitious excess of the dimercaptopropanol. 
The amount of dithizone remaining in each organic phase was then determined absorptiometrically : 


Optical density Optical density 
(orange filter) : (orange filter) : 
Copper without with 400 Lead without with 400 
added, pg. pH. BAL. pg. of BAL. added, pH. pH. BAL. pg. of BAL. 

0 10-13 0-465 0-466 0 10-11 0-468 0-468 

4 10-13 0-390 0-463 4 10-11 0-441 0-469 

8 10-14 0-291 0-467 8 10-11 0-394 0-469 

20 10-13 0-168 0-467 


Though dithizone was partitioned into the aqueous phase in each case, values of optical densities 
below 0-465 could only be due to its reaction with copper or lead, since the pH (measured after extraction) 
did not vary. The identical values of series (a) and (c) show that these metal complexes were reverted 
quantitatively by BAL. 


We thank Mr. S. J. H. Cooke, B.Sc., and Mr. S. C. Woodger for their assistance with the experimental 
work, and one of us (G. A.) wishes to thank the Medical Research Council for a grant. 
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116. Studies with Dithizone. Part I. The Determination of 
Traces of Mercury. 


By H. Irvinc, G. ANDREW, and E. J. RIspon. 


The influence of acidity, halide-ion concentration, and time of shaking upon the extract- 
ability of mercury and copper by dilute solutions of dithizone in both chloroform and carbon 
tetrachloride has been studied. The quantitative determination of mercury in the presence 
of copper is best effected by extraction with a solution of dithizone in chloroform from a 
sulphuric acid solution of pH ~1, as free from halide ions as possible. Even under these 
optimum conditions some copper is co-extracted as ‘‘ dithizonate ’’ and mercury is seriously over- 
estimated when an equal or greater weight of copper is present. By a sensitive new absorptio- 
metric procedure (“‘ reversion ’’), mercury can be determined without error in the presence 
of at least 20 times as much copper: a change of optical density of 0-1 unit (l-cm. cell) corre- 
sponds to 0-32 p.p.m. of mercury. The mercury—dithizone complex has been prepared as a scarlet 
solid and shown to possess the formula Hg(C,;H,,N,S)s. 


Many procedures have been elaborated in the past decade for the determination of mercury 
in biological material with diphenyl- and di-$-naphthyl-thiocarbazone (e.g., Reith and van 
Dijk, Chem. Weekblad, 1940, 37, 186; Laug and Nelson, J. Assoc. Offic. Agric. Chem., 1942, 
25, 399; Cholak and Hubbard, Ind. Eng. Chem. Anal., 1946, 18, 149), for these reagents are 
not very selective and interference from a number of metals, e.g., manganese, iron, copper, 
and zinc, must be minimised. To overcome interference by copper, Barnes (Analyst, 1946, 
71, 578; J. Marine Biol. Assoc., 1946, 26, 343) has used potassium cobalticyanide successfully 
as a complexing agent, whilst Milton and Hoskins (Analyst, 1947, 72, 6) have revived the 
principle of extractive titration. Maren (J. Lab. Clin. Med., 1943, 28, 1511), on the other 
hand, goes so far as to state that ‘“‘ copper need not interfere if the proper conditions of pH 
are maintained.”” Should this be true irrespective of the relative amounts of copper and 
mercury present, a very simple and quick procedure could be devised for the quantitative 
determination of the latter. We could not, however, confirm the statement (/oc. cit.) that “ in 
50 c.c. [of] 0°25n-hydrochloric acid, 1000 mg. of copper does not change the colour of dithizone 
reagent ’’ and since Maren does not state explicitly the ‘‘ proper ” pH for extraction, we thought 
it desirable, not only to determine the optimum pH for the determination of mercury in the 
presence of a variable excess of copper, but also to ascertain what latitude is permissible in 
this adjustment of pH and in the composition of the aqueous phase undergoing extraction. 
Some workers have used chloroform, others carbon tetrachloride, as the solvent for the 
dithizone, seldom indicating the reasons for their choice. We have therefore made a study of 
the pH-extractability curves for mercury and copper, using both of these organic solvents. 
Dilute solutions of dithizone in chloroform (6°5 mg./l.) being used, the percentage of mercury 
extracted from solutions in hydrochloric acid was found to be significantly smaller than from 
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sulphuric acid of the same normality (Fig. 1). Extractability should, however, be a function 
of ion activity rather than concentration, and data for the activity of hydrogen ions in hydro- 
chloric and sulphuric acid (Harned and Owen, ‘‘ The Physical Chemistry of Electrolytic 
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Solutions,” Reinhold, 1943) being used, the percentage of mercury extracted, plotted against 
p{H} is shown in Fig. 2. The difference between the two acidic media is now less marked, 
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Curves I—IV refer to a variable excess of dithizone; curves V—VIII are for a constant excess of this 
reagent, 


but the extractability of mercury from hydrochloric acid is consistently less than from sulphuric 
acid of the same pH, the divergence increasing with concentration in a manner which suggests 
that ions of the type HgCl,’ or HgCl,” are involved. Consistently with this hypothesis, the 
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extractability of mercury from 0°25n- and 3n-sulphuric acid is progressively reduced by 
addition of potassium chloride (Fig. 1): equivalent concentrations of bromide or iodide are 
still more effective (p. 546). Curves for the extractability of mercury by solutions of dithizone 
in carbon tetrachloride were found to lie to the left of those for chloroform, but experimental 
difficulties limited the number of observations in the more strongly acid solutions. 

If a fixed amount of dithizone is used to extract increasing amounts of metal, it is obvious 
that the excess of reagent remaining in the organic phase will gradually decrease. Since 
extractability increases as the square of this excess concentration (provided that the equation 
tested by Kolthoff and Sandell, J. Amer. Chem. Soc., 1941, 63, 1906, for the zinc-dithizone 
system is applicable here), the resulting extractability curves will lie to the left of those obtain- 
able when the concentration of excess dithizone is maintained constant throughout. Curves 
plotted for both “ variable’’ and ‘‘ constant’ excess of reagent are reproduced in Fig. 2, 
whence it will be seen that their difference is less significant than the positional displacement 
along the pH axis caused by a change in the metal being extracted. 

Discussion.—From an inspection of the mutual disposition of the extractability curves 
shown collectively in Fig. 2, it is clear that carbon tetrachloride (broken lines) is a less suitable 
solvent than chloroform (continuous lines), although even at the lowest pH permissible for 
the quantitative extraction of mercury some copper will still be extracted. There is, how- 
ever, a more cogent reason for preferring chloroform. The actual vate of attaining partition 
equilibrium in the two-phase system comprising initially a solution of dithizone in an organic 
solvent and an aqueous solution of a metal depends upon the organic solvent as well as the 
pH and the concentration of the reacting species. The following data show that from solutions 
of the same acidity the initial rate of extraction of copper is greater with a solution of dithizone 
in carbon tetrachloride than with one in chloroform. 


Copper (ug.) extracted with dithizone dissolved in : 








Time of (a) CCl. (b) CHCI,. 
shaking, — si . P “ — 
mins. pH = 0-40. 1-07. 2-05. 2-60. 3-66. 4-68. 
1 1-8 4-26 4:8 0-6 3-2 4-4 
1} — — — 1-2 4-0 5-0 
3 1-8 4-4 5-5 — — — 
5 1-8 4-5 5-8 1-4 4-2 5-3 
8 — 5-8 1-5 4-4 5-5 


[6 »G of copper in 10 ml. of buffer; 10 ml. of organic phase: (a) 6-3, (6) 6-0 mg./l.] 


This effect had been noted qualitatively by Greenleaf (J. Assoc. Offic. Agric. Chem., 1942, 
25, 385), and Barnes (loc. cit.) quotes data which suggest that extraction equilibrium is attained 
in carbon tetrachloride in 5 minutes’ shaking at pH 1°6 and 2°8, but more than 15 minutes’ 
shaking are needed at pH 4-2 when chloroform is used. Subsequent work (Irving and Williams, 
unpublished), whilst correlating this effect with the smaller partition coefficient of dithizone in 
the latter solvent, has confirmed the difficulty of reaching true partition equilibrium in this 
and certain other metal-dithizone systems. On this account values given here for the per- 
centage of copper extracted by solutions of dithizone in chloroform may well be underestimated 
_in the lower pH range. But since the extraction of mercury at pH ~1 is complete within 
1 minute’s shaking, it is clear that the amount of copper simultaneously extracted will be (i) 
less than corresponds to equilibrium conditions, and (ii) much less than would have been the 
case if carbon tetrachloride had been employed. 

A further choice may now be exercised in respect of the pH and composition of the aqueous 
phase undergoing extraction. Chloroform being used, extraction of mercury is complete at 
pH ~1 and above; but since halide ions reduce the amount extracted, it would appear advis- 
able to avoid the addition of hydrochloric acid or even large quantities of hydroxylamine 
hydrochloride to biological digests (cf. Maren; Laug, and Nelson, etc.; Jocc. cit.). There is a 
positive advantage in using sulphuric acid for, as the following data show, more latitude is 
possible when diluting a biological digest. Excessive dilution would increase the danger of 
interference from copper with either acid, but insufficient dilution could more easily lead to 
gross errors with hydrochloric acid. 


Sulphuric acid. Hydrochloric acid. 





Normality ............ 200 1:00 050 O10 O01 200 100 050 O10 0-01 
gp sug NL A A 0-56 O91 10 2115 4145 —031 0-09 O42 1-10 2-04 
Hg extracted, % ... 96 985 995 100 100 5 55 86 995 100 
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Interference from copper will naturally become increasingly serious as the extraction 
medium becomes more alkaline. The following data show that, contrary to Maren’s statement 
(loc. cit.), errors due to copper (which is returned as mercury) must be expected even under 
optimum conditions when the copper/mercury ratio is large. 

COMDEE THRO, BE. o.ciesscessccccces 0 100 500 1000 
Mercury found, p@.  «..-......00000. 10-0 11-3 12-2 14-9 


[10 wG. of mercury in 10 ml. of n/4-sulphuric acid containing varying amounts of copper were shaken 
for one minute with 10 ml. of dithizone solution (6 mg./l. in chloroform).] 


Reversion Procedure.—To eliminate such unavoidable interference from copper we make 
use of the reversion procedure described in the preceding paper. If E,, is the optical density 
of the mixed-colour organic phase containing mercury dithizonate, excess of dithizone, and 
copper dithizonate—with possibly other adventitious coloured materials—and E, is the optical 
density (measured at the same wave-length and cell-thickness) after treatment with a suitable 
reagent which reacts with (‘‘reverts’’) the mercury dithizonate (but not the copper complex 
or any other species present), transferring mercuric ions into the aqueous phase and setting 
free n equivalents of dithizone (HDz) in the organic phase, we have for the reversion value : 


R= E, — Em = I(neqg — ¢,.)[HgDz,] = k(amount of mercury extracted) 


Here eg, ¢, are the (effective) extinction coefficients of dithizone and mercury dithizonate 
respectively with a Spekker absorptiometer—tungsten lamp-—Ilford orange filter combination, 
lis the cell length, and » the (constant) number of equivalents of dithizone associated with one 
atom of mercury. The appropriate reversion agent to use in this system follows from the 
effect of halide ions in reducing the extractability of mercury by dithizone noted above. The 
reversion of a solution of mercury dithizonate in chloroform by 1% (w/v) potassium iodide 
solution amounted to 89% at pH 4, 97°5% at pH 2, and became quantitative at pH 1°43: 
with 0°2% potassium iodide the corresponding figures were 6%, 84%, and 89%. The reversion 
of mercury dithizonate by iodide ions thus becomes increasingly effective as the acidity 
increases. But it is under just such conditions that the decomposition of copper dithizonate 
(in effect, reversion by hydrogen ions, cf. Fig. 2) becomes increasingly important. As might 
be expected, the initial vate of decomposition of copper dithizonate is proportional to the 
hydrogen-ion activity and at pH ~4 significant reversion of a solution of the complex in chloro- 
form can be avoided if the time of shaking is not much longer than that needed to revert the 
mercury complex. The extent to which copper and mercury dithizonates are reverted under 
comparable conditions by shaking with 6% (w/v) potassium iodide solution is shown below, 
where the figures in parentheses refer to the number of experiments carried out, and the 
probable error of a single determination, respectively : 


Reversion, %, of 


pH. copper dithizonate. mercury dithizonate. 
1-86 5-4 (8; +0-5) — 

3-12 2-4 (4; +0-4) 99-5 (3; +0-2) 
3-97 0-0 (3; — ) 99-6 (3; +0-2) 


A further test of 6% potassium iodide as a reversion reagent was made by carrying out a series 
of determinations of mercury in the absence, and in the presence of copper. At pH 1°45 the 
estimates of mercury are about 10% too high, but at pH 3°97 the average reversion values are 
statistically identical and demonstrate that mercury can be determined accurately in the 
presence of at least 50-fold atomic excess of copper. 


Metals taken, pg. Average reversion values (E, — E,,) at : 
Hg. , Cu. pH 1-45. pH 3-97. 
11-6 0 0-355 (8; +0-002) 0-356 (3; +0-002) 
11-6 200 0-391 (4; +0-004) 0-358 (5; +0-004) 
12-4 0 0-380 (5; +0-004) 0-381 (9; +0-003) 
12-4 200 0-417 (4; +0-015) 0-384 (10; +0-004) 


The standard reversion curve for mercury was constructed by extracting known amounts 
of the metal from n/4-sulphuric acid with a solution of dithizone in chloroform : after measure- 
ment of E,,, a portion of the organic phase was reverted by shaking with 6% potassium iodide 
in a phthalate buffer of pH 3°97 and E, was measured. The graph was linear for changes 
of optical density 0<: R<0'7 and over the range 0—2°4 p.p.m. of mercury : a reversion value 
of 0°1 unit of optical density corresponds to 0°32 p.p.m. of mercury. Independent deter- 
minations of the concentration of the same mercury solution by two different observers gave 
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reversion values of 0°375 (9; +0°003) and 0°380 (5; 0-004), respectively, showing that 18°6 ug. 
of mercury can be determined with a probable error not greatly exceeding 1% when 15 ml. 
of dithizone solution are employed. The presence of copper does not materially reduce this 
precision (see above), and determinations of 20 ug. of mercury in the presence of 20,000 ug. 
of bismuth, lead, or ferrous iron, and 100,000 yg. of ferric ion were effected with a maximum 
error of 3%. 

The reversion method has been successfully employed in many determinations of mercury 
in urine, feces, and organs of experimental rats, and detailed procedures will be published 
elsewhere. No difficulty should, however, be experienced in applying the basic analytical 
principles to any other specific problem. 

Mercury—Dithizone Complex.—Bamberger, Padova, and Omerod (Annalen, 1926, 446, 288) 
obtained a red compound, m. p. 220° (decomp.), from solutions of mercuric oxide and dithizone 
in glacial acetic acid, but did not analyse it. W0obling and Steiger (Z. angew. Chem., 1933, 
46, 279) obtained a red-brown substance, m. p. 146—148°, by adding a concentrated solution 
of dithizone in sodium hydroxide to one of mercuric chloride in hydrochloric acid : the formula 
C,;H,,N,SHg was proposed but no analytical data were given. Our own preparation (p. 547) 
crystallised from warm pyridine in fine scarlet needles, m. p. 215°5°, of formula C,,H,,.N,.S,Hg. 
That this is the substance formed in the absorptiometric estimation of mercury with dithizone 
is confirmed by a study of the slopes of the mixed-colour or reversion curves, from which it 
can be shown (p. 547) that the formula of the complex present is HgDz, (Dz = C,,H,,N,5S). 

Working in a room with indifferent west lighting, we experienced none of the inconveniences 
due to the photosensitivity of the mercury complex (remarked by previous workers) until 
March 1946, during the year’s first spell of bright sunlight, when a solution of mercury dithiz- 
onate in chloroform turned to an intense royal-blue. The orange-yellow colour returned 
slowly in the dark, and immediitely upon shaking with an aqueous solution of mercuric chloride 
in n-sulphuric acid. Upon exposure to bright sunlight the blue colour developed again, and 
the sequence of colour changes could be repeated at will. 


EXPERIMENTAL. 


Data for the curves of Fig. 1 and 2 were obtained by extracting a constant amount of mercury 
(or copper) buffered to a suitable pH with a solution of dithizone in chloroform or carbon tetrachloride 
as desired, an adequate excess being used in all cases. The amount of metal—-dithizone complex formed 
and the amount of unreacted dithizone were then read off from a standard ‘“ mixed-colour ’’ curve 
obtained by extracting various known amounts of metal with a fixed (and excess) amount of dithizone 
at a pH found from previous determinations to be the optimum for complete extraction. In some 
cases the estiniation of the amount of metal extracted was more conveniently obtained by a reversion 
procedure (loc. cit.). The symbols Ey, E,, and E, denote the optical density of the initial dithizone 
solution, that of a mixed-colour extract containing the complex and unreacted dithizone, and the 
product of a reversion, respectively. All such measurements were made with a Spekker absorptio- 
meter fitted with a tungsten lamp and using Ilford orange filter No. 607 with a l-cm. cell. The acidity 
of buffered aqueous phases was measured after extraction with dithizone by using a Cambridge pH 
meter. The purification of reagents and apparatus, and details of manipulation followed current 
practice with dithizone (see preceding paper). 

The Standard Mixed-colour Curve for Mercury Dithizonate.—(a) In chloroform. 10 Ml. of dithizone 
solution (Ey = 0-755) were shaken for 2 minutes with x ml. of standard mercury (20 mg./l. of N/4- 
sulphuric acid) and (10 — #) ml. of N/4-sulphuric acid. 


Hg taken, yg. ......... 6-0 10-0 12-8 16-0 20-0 21-2 22-0 22-8 
| a AS AS ae 0-574 0-470 0-384 0-277 0-156 0-109 0-086 0-059 
Hg taken, pg. ......... 24-0 24-4 24-8 32-0 40-0 60-0 80-0 
Ta “ansadatahnonsaboceena 0-035 0-016 0-016 0-012 0-013 0-007 0-008 

(b) In carbon tetrachloride. Each phase, 10 ml.; E, = 0-645. 
Mercury taken, pg. ... 4-0 8-0 12-0 16-0 20-0 22-0 24-0 
iggy,  scesedensenweceteeensens 0-536 0-420 0-316 0-192 0-083 0-043 0-014 


Extractability of Mercury by Solutions of Dithizone in Chloroform.—(a) Hydrochloric acid solutions. 
When 20 yg. of mercury in 10 ml. of hydrochloric acid of various concentrations were extracted with 
10 ml. of dithizone (E, = 0-769) the excess of reagent increased from 22% to about 10,000% as the 
percentage of metal extracted diminished. To secure data based on a constant excess of dithizone, a 
similar series of extractions were carried out in which the amount of mercury taken was varied system- 
atically at each pH studied until the organic extract had approximately the same E,, of 0-153. Since 
E, was 0-764, this corresponded to a constant 25% excess of dithizone. 


RE Sa hedscatevstsinivces 0-012 0-120 0-205 0-365 0-629 0-894 1:15 1:43 1-68 2-21 2-49 
% Extracted at 
(i) variable ............... 100 99-0- 963 92:9 81-4 646 449 216 121 21 1-1 


(ii) constant excess of 
dithizone ............ 100 98-0 92-4 87-7 580 316 205 135 — — —_— 
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(b) Sulphuric acid solutions. Each phase, 10 ml.; E, = 0-769. 


PAE: detchasassennronsedarerscse 0-025 0:25 2-16 4-08 5-97 7-91 9-82 11-72 
yer rrr eer rere 100 99-6 94-4 84:3 78-8 70-9 60-8 45-3 


Extractability of Mercury by Solutions of Dithizone in Carbon Tetrachloride.—(a) From hydrochloric 
acid. 10 Ml. each phase; FE, = 0-619. 


pH see piniabdereebinateserecies 2:00 1-03 0-64 0-41 0-14 —0-22 —036 —0-61 
, 2. eee 100 99-2 91-5 83-2 72-3 36-2 18-1 2-7 
% Excess of free dithizone ... 26 27 28 38 63 250 5000 _ 


(b) From sulphuric acid. Extraction from 10N-acid was apparently as complete as from n/4- 
sulphuric acid. Extraction data could not be obtained from more concentrated acid as the reagent 
began to decompose or partition into the aqueous phase, colouring it blue. 

‘Effect of Halide Ions in Reducing the Extractability of Mercury.—(a) Chloride ions. The followin 
percentages of mercury were extracted by 10 ml. of dithizone dissolved in chloroform (E, = 0-75 
from 10 ml. of (i) 3N-sulphuric acid, or (ii) N/4-sulphuric acid, containing 20 wg. of mercury and various 
amounts of potassium chloride. 


Se 0 0-4 06 O75 140 1-2 2-0 2-6 
yee 100 «81-570 59 24 13 — = 
Hg, %, extracted {i AS: 100 as = am. + a ow 84 61 


(b) Bromide ions. 25 Ml. of sulphuric acid—sodium acetate buffer of pH ~2, containing potassium 
bromide were extracted with 10 ml. of dithizone : 


MG ER: s.ccucesuekednabeeisaisioninensass 0 0-25 0-51 0-70 0-91 
SEE. onuasnaveenbapsnesnipiisccontnsoqqoenes 1-99 1-96 1-90 1-89 1-84 
Bees Sg SUEOL,. ei sa rcruscscscvsssses 100 67-3 29-0 13-0 8-0 


(c) Iodide ions. The percentage of mercury extracted from (i) 20 ml. or (ii) 25 ml. of sulphuric acid- 
sodium acetate buffer of pH 1-99, and (iii) 30 ml. of a similar buffer of pH 1-43, all containing potassium 
iodide in various amounts, by 10 ml. of dithizone (E, = 1-1) was: 


DEE, DH GPG) wcscccccsescsccssscecees 2 0-02 004 008 Ol 0-18 0-30 1-00 1-80 

eee 3 — 8 6 i — — as <—- 

Hg, %, extracted (ii) ......... — — — — 7 oe 3 2-5 15 
ere — 11 co ~- 3 — 0-5 0 0 


Extractability of Copper by Solutions of Dithizone in Chloroform.—The standard ‘‘ mixed-colour ”’ 
curve was obtained by extracting 10 ml. of a sodium acetate-acetic acid buffer of pH 5-3 containing 
O—65 pg. copper with 10 ml. of dithizone (E, = 0-678): 10 minutes’ shaking was used in every case. 
The extractability curves were determined by shaking acetate buffers containing amounts of copper 
ranging from 3-9 to 50 ug., chosen so that with E, = 0-68, there should be a constant excess of dithizone 
as indicated by values of E,, = 0-396 + 0-010 at every point on the curve. 


DEE svcccsescvccsececosecess 5-39 476 448 428 4-08 360 3-14 2-75 2-34 1-63 
% Extraction ............ 100 99-6 99-5 95-9 83-7 60-0 38-9 24-7 14:8 3-4 


Extractability of Copper by Solutions of Dithizone in Carbon Tetrachloride.—The standard “‘ mixed- 
colour ’’ curve was obtained by shaking 10 ml. of dithizone (E, = 0-65) for 10 minutes with 10 ml. of 
a sulphuric acid-sodium acetate buffer of pH 2-4 containing varying amounts (0—6 yg.) of copper 
(cf. Morrison and Paige, Ind. Eng. Chem. Anal., 1946, 18, 213). 

(a) In hydrochloric acid solutions. Buffers of dilute hydrochloric acid and sodium acetate were used 
to cover the whole pH range; E, was 0-670 and E,, was adjusted to 0-403 + 0-025 by varying the 
amount of copper in the aqueous phase so as to achieve a reasonably constant excess of dithizone 
throughout. 


DEE sceccvccsecscee —0-78 —0-45 —0-17 0:20 0-50 1:10 1:50 2-07 2-78 3-02 3-31 3-40 
% Extraction... 5-0 9-0 19:0 39:0 558 72:38 784 90:5 99:8 993 100 100 


(b) In sulphuric acid solutions. Sulphuric acid-sodium acetate buffers were used with E, = 0-679 
and E,, = 0-373 + 0-025. 


WDE - Sasmesnsdcusereiinecscescesaceoes 0-08 0-25 0-43 0-76 0-94 0-97 1-10 1-79 
BG Exctraction ........cccccssecoeee 6-2 11-2 23°5 43-0 60-0 60-5 67-0 80-7 


In all extraction experiments enough organic solvent was added to the aqueous phase before extrac- 
tion with dithizone: the dithizone solutions were already saturated with water. 

Reversion Curve for Mercury in the Presence of Copper.—20 Ml. of N/4-sulphuric acid containing 
various known amounts of mercury were shaken for one minute (60—100 vigorous shakes by hand) 
with 20 ml. of a chloroform solution of dithizone (E, = 0-755). After 2 minutes’ standing to allow the 
phases to separate, the organic layer was drawn off through a small plug of cotton-wool inserted into 
the shortened stem of the separating funnel. The first runnings were rejected, and enough was then 
taken to rinse and fill a 1-cm. absorptiometer cell (about 7 ml.). The bulk of the remainder was trans- 
ferred to a second clean separating funnel and shaken for one minute with an approximately equal 
volume of the reversion mixture described below. After standing for 2 minutes (during which E,, 
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is conveniently measured), a portion of the organic phase is removed as before for the measurement of 
E,. Pure chloroform is placed in the comparison cell with the iris diaphragm on the left adjusted to 
give a balance with the drum set at an arbitrary value just greater than E,: drum readings are thus 
made on the most open part of the scale when the concentration of mercury is smallest. The con- 
stancy of E, during a series of measurements with dithizone solution of identical E, affords a valuable 
check on non-systematic errors. 

The organic extracts necessarily contain dissolved water: since they often become heated above 
room temperature during extraction, the excess sometimes separates on cooling as a translucent cloud 
in the absorptiometer cell and gives rise to erroneous high readings of optical density. Warming the 
cells slightly (e.g., on the lamp-house) will avoid this error, but a more satisfactory procedure was found 
to be the addition of one drop of ethyl (or better methyl) alcohol to the absorption cell. This changes 
the concentration of the extract by less than 1%, but this can be allowed for if required. 


Hig taleem, MG. <cccsccccsccccscccoccsveese 6-0 10-0 12-0 20-0 25-6 28-0 

ay | asnceenewsssencepenendinnibaptnoennenes 0-669 0-609 0-576 0-467 0-382 0-338 
Jig $ccnovvistonkinenerccsoviseenswascsneenese 0-760 0-759 0-765 0-760 0-758 0-759 
Be OR hg Beg cc ccccnssnccevevccensccesce 0-091 0-150 0-189 0-293 0-376 0-421 
EES CAMOM, ME. .00cccscrcccrcccscovscceecs 32-0 40-0 44-0 48-0 50-0 60-0 

Mily Ae sébeccsaccsscocresssctesseseassseebee 0-277 0-155 0-083 0-035 0-015 0-012 
ily Ahdnrnniiaaesenehavedstabcumegsasnenibades 0-762 0-760 0-757 0-760 0-761 0-757 
TE tt Big — Bagg ccevcescceccsconccecsoce 0-485 0-605 0-674 0-725 0-746 0-745 


The reversion mixture was prepared by dissolving 10-2 g. of potassium hydrogen phthalate and 
30 g. of potassium iodide in 500 ml. of doubly distilled water, a few drops of concentrated sodium 
eg nog solution being added if necessary to reduce any iodine liberated. Metallic impurities 
were then removed by shaking with successive portions of a solution of dithizone in chloroform 
(10 mg./l.) until the final extract remained green. So prepared, the reversion reagent is saturated with 
chloroform and it should be kept in the dark, preferably in contact with few ml. of dithizone solution 
which serves as an indicator, the green colour being discharged by any iodine liberated or by adventitious 
contamination by metals. 

Mercury Dithizone Complex.—When increasing amounts of mercury react with a constant amount 

of dithizone, the E,, values fall linearly, as can be seen from the data for the standard mixed-colour 
curve (p. 545) or the reversion curve (see above): but the optical density never reaches zero even 
when a large excess is available. This residual optical density may be due to the absorption of (a) 
mercury dithizonate itself at the wave-length used, (b) excess of dithizone which must theoretically 
be present always in equilibrium with a metal complex, or (c) impurities in the reagent. Additional 
data exclude (c) but do not permit any assessment of the relative contributions of (a) or (b). How- 
ever, knowing the relationship between the optical density and concentrations of solutions of dithizone 
in chloroform (preceding paper), and the quantity of mercury which reacts completely with the amount 
of reagent taken on the basis of (a) or (b) as limiting possibilities, the number of molecules of dithizone 
reacting with one atom of mercury is found to be 2 + 0-02. Assuming the reagent to be monobasic 
(evidence for ay will be presented elsewhere) the formula of the complex may be written HgDz, 
Dz = < 3H S). 
' Preparation. Dithizone (1 g.) in 100 ml. of chloroform was stirred vigorously with mercuric chloride 
(1 g., a two-fold excess) dissolved in ee pe acid. The red flocks which rapidly separated were 
allowed to stand for 10 minutes, collec on a coarse sintered-glass funnel, and washed free from 
excess of dithizone by acetone followed by chloroform. The product was very sparingly soluble in 
ethyl acetate, cyclohexane, nitrobenzene, or ether, but dissolved in carbon tetrachloride, chloroform, 
acetone, and ethyl alcohol to the extent of about 100, 200, 200, and 25 mg./l., respectively. Warm 
quinoline or pyridine proved better solvents and the mercury—dithizone complex arated from the 
latter in tufts of scarlet needles, m. p. 215—216°. For analysis they were washed free from adhering 
pyridine with acetone and dried to constant ne a over sulphuric acid: direct light was carefully 
excluded throughout (Found: C, 42-9; H, 3-0; N, 15-9; S, 8-7; Hg, 28-0. C,,H,.N,S,Hg requires 
C, 43-9; H, 3-1; N, 15-8; S, 9-0; Hg, 28-2%). 


We thank Mr. S. C. Woodger for his assistance in plotting the copper—dithizone curves, and one 
of us (G. A.) wishes gratefully to acknowledge financial assistance from the Medical Research Council. 
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117. The Preparation of Some Chloroalkylamino-compounds. 


By E. R. H. Jones and WALTER WILSON. 


Several new aliphatic amines, with two or three chlorine atoms in the f- or y-positions and a 
number of N-substituted B-chloro-amines, including nitroso-compounds and chloroacetamides, 
have been prepared. e formation and rearrangement of benzodi-(2-chloroethyl)amide 
are discussed. 


THE vesicant properties of tri-(2-chloroethyl)amine, N(CH,°CH,Cl), (Ward, J. Amer. Chem. Soc., 
1935, 57, 914; McCombie and Purdie, J., 1935, 1217) and methyldi-(2-chloroethyl)amine, 
NMe(CH,°CH,Cl), (Eisleb, Ber., 1941, 74, 1433; Jensen and Lundquist, Dansk Tidsskr. Farm., 
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1941, 15, 201) are well known and these two compounds are often termed “ nitrogen mustards ” 
in view of their relationship, both structurally and in physiological properties, to mustard gas, 
S(CH,°CH,Cl),. The nitrogen mustards have been intensively studied in recent years and 
biological investigations have indicated that these compounds may have therapeutic applications 
(Gilman and Philips, Science, 1946, 103, 409; Boyland, Brit. ]. Pharmacol., 1946, 1, 247; Rhoads, 
J. Amer. Med. Assoc., 1946, 131, 656; Karnofsky, Burchenal, Ormsbee, Cornman, and Rhoads, 
Cancer Research, 1947, 7, 50; Haddow, Brit. Med. Buil., 1947, 4, 422). Syntheses of series of 
chloroalkylamines have been published recently (Ford-Moore, Lidstone, and Waters, J., 1946, 
819; Hanby and Rydon, /., 1947, 513) and their reactions have also been studied (Crane, 
Stephenson, Forrest, and Waters, J., 1946, 827; Golumbic, Fruton, and Bergmann, J. Org. 
Chem., 1946, 11, 518; Hanby, Hartley, Powell, and Rydon, /., 1947, 519; Crane and Rydon, 
J., 1947, 527; Price, Pohland, and Velzen, J. Org. Chem., 1947, 12, 308). 

A number of chloroalkylamines and related compounds were prepared in these laboratories 
during the war. The halogenated amines, which contained two or three chlorine atoms, are 
enumerated in the experimental section. They were made from appropriate hydroxy-compounds 
by treatment with thiony] chloride in chloroform (cf. Hanby and Rydon, Joc. cit.). Interesting 
results were obtained during attempts to prepare branched chain amines of type (I). Diethyl 


ClCH, HO-CH, 
CLC >C<NR”, HO- CH>C<NR”, SOMO cH >< NH,,HCl 
(I.) (II.) (III.) 


dimethylaminomalonate was readily obtained from dimethylamine and bromomalonic ester, 
but none of the required amino-glycol (II; R’ = R” = H) was formed on reduction by the 
Bouveault-Blanc method. An homologous amino-glycol (II; R’ = Me; R” =H) was 
fortunately available. With thionyl chloride in chloroform, however, this did not yield the 
expected chloro-amine, but a cyclic sulphite hydrochloride (III). Similar cyclic sulphites have 
been obtained from other 1 : 3-glycols, e.g., pentaerythritol (Govaert, Hansens, and Beyeart, 
Versl. Ned. Akad. Wetensch. Afd. Natuurk., 1943, 52, 135). The glycol was readily methylated 
to 2- -dimethylamino-2-methylpropane-1 : 3-diol (II; R’ = R” = Me), which reacted normally 
with thionyl chloride giving the branched chain dichloro-amine, 1 : 3-dichloro-2- -dimethylamino-2- 
methylpropane (1; R’ = R” = Me). 

2-Hydroxyethylaminomethyl cyanide (IV; R= CH,°CN) was obtained from 2-hydroxy- 
ethylamine and hydroxymethyl cyanide, and converted into ethyl 2-chloroethylaminoacetate 
(V; R’=H; R” = CH,°CO,Et) by successive reaction with alcoholic hydrogen chloride and 
thionyl] chloride. 


CH,(OH)-CH,NHR CH,Cl-CH,'NR’R” [CH,(OH)-CH,],NR (CH,Cl-CH,),NR 
(IV.) (V.) (VI.) (VIL.) 


Unsuccessful attempts were made to isolate di-(2-hydroxyethyl)hydrazines (VI; R = NH, 
or NMe,), from which it was hoped to prepare the di-(2-chloroethyl) compounds. Distill- 
ation of the product obtained by condensing as-dimethylhydrazine with ethylene oxide was 
not possible without decomposition into di-(2-hydroxyethyl)amine. Reduction (zinc dust and 
acetic acid) of di-(2-hydroxyethyl)nitrosoamine (VI; R = NO) likewise gave only di-(2-hydroxy- 
ethyl)jamine. Previous workers have commented on the instability of 2-hydroxyalkylhydrazines 
(Knorr and Brownsden, Ber., 1902, 35, 4474; Plisov, Ukraine Chem. J., 1928, 3, 125). 

2-Hydroxyethylhydroxylamines have been described and appear to be stable (Jones and 
Burns, J. Amer. Chem. Soc., 1925, 47, 2966; Jones and Major, ibid., 1927, 49, 1538). Ethylene 
oxide condensed smoothly with O-methylhydroxylamine and the resulting O-methyldi-(2- 
hydroxyethyl)hydroxylamine (VI; R = OMe) was converted by thionyl chloride into O-methyl- 
di-(2-chlovoethyl) hydroxylamine (V1I; R = OMe). The dichloro-compound was notable for its 
weakly basic properties; unlike the parent dihydroxy-compound, it did not form a picrate. It 
was soluble in strong (>6N) hydrochloric acid, but was re-precipitated on dilution with water. 

Di-(2-chloroethyl)nitrosoamine (VII; R= NO) and methyl-2-chloroethylnitrosoamine (V; 
R’ = Me; R” = NO) were obtained from the requisite secondary amine hydrochlorides and 
sodium nitrite. The urethanes, N-carbethoxydi-(2-chloroethyl)amine (VII; R = CO,Et) and 
N-carbomethoxy-2-chloro-n-propylamine, were prepared by the usual methods. Carbonyl chloride 
reacted with methy]1-2-chloroethylamine in benzene in the presence of aqueous sodium hydrogen 
carbonate yielding N-chlorocarbonyl-N-methyl-2-chloroethylamine (V; R’ = Me; R” = COCI) and 
not the substituted urea. 

Some simple chloroaceto-2-chloroethylamides were prepared. Thus chloroaceto-2-chloro- 
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ethylamide (V; R’ = H; R” = CO’CH,Cl) was obtained from chloroaceto-2-hydroxyethylamide 
and thionyl] chloride, or, more conveniently, from chloroacety] chloride and 2-chloroethylamine. 
Chloroacetomethyl-2-chloroethylamide (V; R’ = Me; R” = CO°CH,Cl) and chloroacetodi-(2- 
chloroethyl)amide (VII; R = CO*CH,Cl) were also prepared by the chloroacetylation method. 
Reaction of dichloroacetyl] chloride with 2-hydroxyethylamine and 2-chloroethylamine gave 
dichlovroaceto-2-hydroxyethylamide (IV; R = CO*CHCI,) and dichloroaceto-2-chloroethylamide 
(V; R’=H; R” = CO-CHCI,) respectively. The latter was also obtained from the former 
and thionyl chloride, or unexpectedly (15% yield) by heating with phosphorus pentasulphide. 
This reaction was expected to yield a thiazoline (cf. Wenker, J. Amer. Chem. Soc., 1935, 57, 1079). 
Attempts to obtain an oxazoline by heating dichloroacetic acid with 2-hydroxyethylamine (cf. 
Wenker, Joc. cit.) were also unsuccessful, and the only product isolated was dichloroaceto-2- 
chloroethylamide. It may be noted that trichloroaceto-2-chloroethylamide (V; R’ =H; 
R” = CO-CCl,) has been used in Germany as an insect repellent (C.I.0.S. Report, XX VI—73; 
XXITI—20). 

Benzoylation (Schotten—Baumann) of di-(2-chloroethyl)amine, with suitable precautions, 
yielded benzodi-(2-chloroethyl)amide (VIII) During the purification of this a small amount of 
2-chloroethyl-2’-benzoyloxyethylamine hydrochloride (IX), m p. 132—134°, was isolated. Mann 
(J., 1934, 464) had previously obtained the crude amide (VIII) but on attempted crystallisation 
from alcohol it changed into a salt-like compound C,,H,,O,NCl,, m. p. 135—136°. The above 
hydrochloride (IX) is probably identical with Mann’s compound, and its formation is almost 
certainly due to a hydrolytic rearrangement of the amide : 


CH,Cl-CH . Ph-CO,°CH,°CH 
(VIII.) CHCl-CH, > NCO Ph+H,O —> ¢H,Cl-CH.>NHHCI (IX.) 


Such reactions have been described for benzo-2-bromoethylamide (Gabriel and Heymann, Ber., 
1890, 23, 2497) and benzomethyl-2-chloroethylamide (Marckwald and Frobenius, Ber., 1901, 
34, 3550), and are closely related to the acid catalysed rearrangements studied by Horenstein 
and Pahlicke (Ber., 1938, 71, 1644) and by Reasenberg and Goldberg (J. Amer. Chem. Soc., 
1945, 67, 933). To minimise the formation of this by-product and obtain pure benzodi-(2-chloro- 
ethyl)amide, experimental conditions were used in which acidity was not permitted to develop, 
and the product was crystallised from a dry non-hydroxylic solvent. 


EXPERIMENTAL. 


Methyl-2-hydroxyethyl-3-hydroxy-n-propylamine.—Methyl-2-hydroxyethylamine (30 g.; Knorr and 
Matthes, Ber., 1898, 31, 1069), 3-chloropropanol (19 g.; Hultmann, Davies, and Clarke, J]. Amer. Chem. 
Soc., 1921, 48, 369), and water (30 c.c.) were heated at 100° for 4 hours. Potassium hydroxide (13 g.) 
was added and the amine (20 g.), b. p. 154—155°/20 mm.; 135—137°/0-8 mm.; mn}? 1-4660 (Found : 
C, 53-1; H, 11-1. C,H,,0,N requires C, 54:1; H, 11-3%), was isolated by extraction with acetone. 
ere ay p- 101-5°, orange-yellow crystals from ethyl acetate (Found: N,15-7. C,,;H,,0,N, requires 

, 155%). 

Methyl-2-chloroethyl-3-chloro-n-propylamine.—Thionyl chloride (45 g.) in chloroform (50 c.c.) was 
added to a mixture of the above hydroxy-amine (15 g.) and chloroform (25 c.c.). After boiling for 
30 minutes, the chloroform was distilled off, and the residue dissolved in cold water. Basification and 
extraction with ether yielded the base (14 g.), b. p. 104—106°/23 mm.; n?° 1-4640 (Found: C, 42-2; 
H, 7-4. C,H,,NCl, requires C, 42-3; H, 7:-6%). The methiodide formed needles (ethanol), m. p. 182° 
(decomp.) (Found: C, 26-4; H, 5-3. C,H,,NCI,I requires C, 26-9; H, 5-1%). A picrate, m. p. 75°, 
was also obtained, but not analysed. 

Methyl-2-hydroxyethyl-2-hydroxy-n-propylamine.—Methyl-2-hydroxyethylamine (30 g.), 1-chloro- 
propan-2-ol (19 g.; Dewael, Bull. Soc. chim. Belg., 1930, 39, 87), and water (30 c.c.) were heated at 100° 
for 24 hours. Potassium hydroxide (13 g.) was added, and the hydroxy-amine, b. p. 127°/16 mm., n?}** 
1-4522, was isolated by extraction with acetone (Found: C, 53-9; H, 10-9. C,H,,0,N requires C, 54-1; 
H, 11:3%). The picrate formed yellow clusters, m. p. 71—72°, from ethyl acetate (Found: N, 15-0. 
C,,H,,0,N, requires N, 15-5%). 

Methyl-2-chloroethyl-2-chloro-n-propylamine.—The hydroxy-amine (15 g.) was treated with thionyl 
chloride in chloroform as in the previous example. The chloro-amine (15 g.), b. p. 94—94-5°/21 mm. ; 
nti* 1-4622 (Found: C, 42-4; H, 7-8. C,H,,NCl, requires C, 42-3; H, 7-6%), formed a picrate, glistening 
yellow plates, m. p. 122—123°, from ethyl acetate (Found: N, 13-7. C,H gOrN Cla requires N, 14-0%). 

Methyldi-(2-hydroxy-n-propyl)amine.—This base, b. p. 137°/23 mm. ; nit 1-4470, was obtained from 
propylene oxide and methylamine. The picrate formed yellow needles, m. p. 111—112°, from ethyl 
acetate (Found: C, 42-0; H, 5-4. Calc. for C;;H,O,N,: C, 41-5; H, 5-3%). (Hanby and Rydon, 
J., 1947, 513, describe the amine, and give m. p. 88° for the picrate.) 

Methyldi-(2-chloro-n-propyl)amine.—This base, b. p. 96—97°/19 mm. ; jf” 1-4585, was made from the 
hydroxyamine and thionyl chloride. The chloro-amine is mentioned without details in B.P. 501,135, 
and since our work was completed has been described by Hanby and Rydon (loc. cit.). 

Di-(2-hydroxyethyl)-2-hydroxy-n-propylamine.—Di-(2-hydroxyethyl)amine (42 g.), 1-chloropropan-2-ol 
(17 g.), and water (50 c.c.) were heated at 100° for 12 hours. After the addition of potassium hydroxide 
(13 g.), extraction with alcohol yielded the triol (20 g.), b. p. 145°/0-6 mm.; n}f* 1-4770 (Found : C, 51-3; 
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H, 10-4. C,H,,0O,N requires C, 51-5; H, 10-4%). A picrate, m. p. 99°, was obtained but not purified. 
The hydrochloride has recently been described (Ford-Moore, Lidstone, and Waters, loc. cit.), and converted 
into the trichloro-amine. 

Di-(2-hydroxyethyl)-3-hydroxy-n-propylamine.—Di-(2-hydroxyethyl)amine (31-5 g.), vanaenee 
(14-3 g.), and water (69 c.c.) were heated at 100° and worked up as before, giving the ériol (17-6 g.), b. 
167—169°/0-8 mm.; jf" 1-4870 (Found: C, 52-0; H, 10-8. C,H,,0,N requires C, 51-5; H, 10-4%). 
A picrate, m. p. 82°, ’ was not purified. 

Di- (2-chloroethyl)- -3-chloro-n-propylamine.—The above triol (17 g.) was converted into the hydrochloride 
and treated with thionyl chloride (40 g.) in chloroform (40 c.c.). The trichlovo-amine (11 g.) was a 
colourless oil, b. p. 116°/1-3 mm.; nj” 1-4936 (Found : C, 38-6; H, 6-5; Cl, 49-1. C,H,,NCl, requires 
C, 38-4; H, 6-4; Cl, 48-5%). The picrate formed glistening crystals, m. p. 93—94°, from ethyl acetate 
(Found : Cl, 23- 1. C13H,,0,N,Cls requires Cl, 23-8%). 

Diethyl Dimethylaminomalonate. —A solution of dimethylamine (18 g.) in ethanol (50 c.c.) was added 
slowly to a mixture of ethyl bromomalonate (47-6 g.; Palmer and McWherter, Org. Synth., 1941, Coll. 
Vol. I, 245) and ethanol (40 c.c.). The reaction was completed by heating at 60° for one hour. Ether 
(50 c.c.) was added, and the dimethylammonium bromide (32 g.) filtered off. , Distillation of the filtrate 
gave diethyl dimethylaminomalonate (30 g.), b. p. 113—117°/15 mm.; m}%* 1-4320 (Found: N, 6-6. 
C,H,,0,N requires N, 6-9%). The ester (2-5 g.) boiled for 2 hours with 6N- -hydrochloric acid (20 c.c.) 
yielded dimethylglycine hydrochloride (1-4 g.), m. p. 188°, not depressed on mixing with an authentic 

imen. 
aw mino-2-methyl. ——' 3-diol (II; R’=Me; R’ = H).—The commercial material was 
redistilled, b. p. 130°/2 mm.; m. P: 104—106°. The F pe crystallised from ethyl acetate in orange 
tablets, m. p. 131—132° (Found : , 16-5. Cy HON, requires N, 16-8%). 

Reaction of 2-Amino-2-methylpropane-1 : 3-diol with Thionyl Chloride.—The diol (21 g.), chloroform 
(50 c.c.), and thionyl chloride (70 g.) were boiled together for 3 hours. The impure 2-amino-2-methyl- 
propane-1 : 3-diol sulphite hydrochloride (III) was filtered off and washed with hot ethanol; m. p. 
179—181° (decomp.) (Found: Cl, 18-7. C,H,O,NCIS requires Cl, 18-9%). The hydrochloride was 
soluble in water; addition of alkali liberated an ether-soluble oil, reconverted by hydrogen chloride in 
dry ether into the original hydrochloride, m. p. 179—181° (decomp.). 

2-Dimethylamino-2-methylpropane-| : 3-diol (II; R’ = R”’ = Me).—2-Amino-2-methylpropane-] : 3-diol 
(42 g.), methyl iodide (120 g.), and ethanol (120 c.c.) were heated under reflux for two days. Potassium 
hydroxide (46 g.) was added and heating continued for one day. The potassium iodide was filtered off 
and washed with hot alcohol. Distillation gave 2-dimethylamino-2-methylpropane-1 : 3-diol (18 g.), b. p. 
96°/1 mm., solidifying to waxy crystals, m. p. 40—50° (Found: C, 53-9; H, 11-8. C,H,,O,N requires 
C, 54-1; H, 11:3%); _picrate, yellow tablets, m. p. 222° (decomp. , from methanol (Found : N, 14-9, 
Cua sOoNq requires N 15-5%). 

: 3-Dichloro-2- -dimethylamino-2-methylpropane (I; R’ = R” = Me).—This was obtained from the 
pe .. glycol (16 g.) and thionyl chloride (50 c.c.) i in chloroform (30 c.c.).. The dichloro-amine (7 g.) wasa 
colourless mobile liquid, b. 52—53°/2-3 mm.; nj" 1-4560 (Found: C, 43-0; H, 7-6. C,H,,NCl, 
requires C, 42-4; H, 7: 7%). The pisrate ral feathery crystals, m. p. 158°, from ethyl acetate, 
(Found : N, 14-4. Ci3H,.0, N,Cl, requires N, 14-:0%). 

2-Hydroxyethylaminomethyl Cyanide (IV; R=CH,°CN).—A mixture of 2-hydroxyethylamine 
(30-5 g.) and hydroxymethyl cyanide (28-5 g.) (Polstorff and Meyer, Ber., 1912, 45, 1911; Yarnall and 
Wallis, J. Org. Chem., 1939, 4, 287) was left for 12 hours, then dehydrated at 90° ina vacuum. The solid 
obtained on cooling was recrystallised from acetone. 2-Hydroxyethylaminomethyl cyanide (18-5 g.) 
formed needles, m. p. 55—56° (Found: C, 47-9; H, 7-5. CH H,ON, requires C, 48-0; H, 80%). A 
picrate, m. p. 114—115°, was obtained, but the analysis was unsatisfactory. 

Ethyl 2- -Chloroethylaminoacetate (V; R’=H; R” = CH,’CO,Et).—The above cyanide (10 g.) was 
boiled for 2 hours with ethanol (50 c.c.) containing hydrogen chloride (20 g.). The ammonium chloride 
was filtered off, and the alcohol removed by distillation. The residual syrup was dissolved in chloroform 
(15 c.c.) and boiled with thionyl chloride (20 c.c.) for 2 hours. Removal of the chloroform and crystal- 
—— from ethanol-ethyl acetate gave needles of ethyl 2-chloroethylaminoacetate hydrochloride (13 £}. 

m. p. 152° (Found: C, 36-1; H, 6-4; Cl, 34-6. ‘tee requires C, 35-6; H, 6-4; Cl, 35-1%) 
Cold alkali liberated ethyl 2-chloroethylaminoacetate, b . p. 108—109°/15 mm.; nit 1-4518 (Found : N, 
8-4. C,H,,0,NCl requires N, 8-5%). 

Di-(2-hydroxyethyl)nitrosoamine (VI; R = NO).—Sodium nitrite (27 g.) dissolved in water (30 c.c.) 
was slowly added (30—35°; stirring) to a solution of di-(2-hydroxyethyl)amine (35 g.) in water (25 c.c.), 
which had been previously neutralised with 2Nn-hydrochloric acid. After 14 hours, the water was 
removed at 80° in a vacuum. Extraction with ethanol yielded di-(2-hydroxyethyl)nitrosoamine (35 g.), 
b. p. 100—120°/2-6 x 10 mm.; n?* 1-4849 (Found: N, 21-0. C,H,O,N, requires N, 20-9%). 

O-Methyldi-(2- hydroxyethyl)hydroxylamine (VI; R= OMe). —E thylene oxide (35 g.) was passed into 
a solution of O-methylhydroxylamine (16-3 g.) in water (30 c.c.) at 5°. After 12 hours at 0°, water was 
distilled off in a vacuum, re athe residue distilled yielding O-methyldi-(2-h pe yr oa 
(25 g.), b. p. 114°/1-5 mm. 1-4540 (Found: C, 44:2; H, 9-9. C H,.O,N N requires C, 44-4; H, 
9-65%). The picrate was Sitttned in yellow prisms, m. p. 113°, from methanol (Found : 4 36-6; H, 
4:5. C,,H,,.0,)N, requires C, 36-3; H, 4-4%). 

O- -Methyldi- (2- chloroethyl) hydroxylamine (VII; R = OMe).—The hydroxy-compound (14 g.) was 
dissolved in chloroform (20 c.c.) and saturated with dry hydrogen chloride. Thionyl chloride (35 c.c.) 
in chloroform (40 c.c.) was added, and the mixture boiled for one hour. Chloroform was removed in a 
vacuum and water (100 c.c.) added. The heavy oil was isolated by means of ether; no more was obtained 
on basifying the aqueous layer. 

an -Methyldi-(2-chloroethyl) hydroxylamine (10-5 g.) was a colourless, mobile liquid, b. p. 92--95°/18 mm. ; 

1-4580 (Found: C, 35-2; H, 6-5; Cl, 41-0. C,H,,ONCI, requires C, 34-9; H, 6-4; Cl, 41-2%). 
Tt Pain not form a picrate, but dissolved in 6n-hydrochloric acid, and was reprecipitated on diluting with 
water. 
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Methyl-2-chloroethylnitrosoamine (V; R’ = Me; R” = NO).—Methyl-2-chloroethylamine hydro- 
chloride (13 g.) (I.G. Farbenindustrie, F.P., 802 416) was dissolved in water (10 c.c.) and a solution of 
sodium nitrite (6-9 g.) in water (10 c.c.) added. No reaction took place until acetic acid (2 c.c.) was 
added. The methyl-2-chloroethylnitrosoamine (8 g.), b. p. 62—65°/0-3 mm.; nj} 1-4762 (Found : C, 29-5; 
H, 6-05; N, 22-3. C,H,ON,Cl requires C, 29-4; H, 5-7; N, 22-9%), was isolated by extraction with 
chloroform. 

Di-(2-chloroethyl)nitrosoamine (VII; R = NO).—Di-(2-chloroethyl)amine hydrochloride (18-9 g.) 
(Mann, J., 1934, 464) in water (50 c.c.) was treated with sodium nitrite (6-9 g.) dissolved in water (50 c.c.). 
After stirring for one hour at 15°, extraction with ether yielded di-(2-chloroethyl)nitrosoamine (15 g.) ; 
ni>° 1-5022 (Found: N, 16-1. C,H,ON,Cl, requires N, 16-3%). It was a viscous pale yellow oil which 
distilled at 75°/3 x 10+ mm. with some decomposition. 

2-Chloro-n-propylamine Hydrochloride.—2-Hydroxy-n-propylamine (10 g.) was neutralised with 
hydrochloric acid and the water removed in a vacuum. The product was suspended in chloroform 
(10 c.c.) and a mixture of thionyl chloride (25 g.) and chloroform (20 c.c.) added. After boiling for 
3 hours, the chloroform was distilled off, and the 2-chloro-n-propylamine hydrochloride (12 g.), m. p. 
179—180°, a from ethanol-ether (Smith and Platton, J. Amer. Chem. Soc., 1922, 55, 3143, 
give m. p. 179° 

N- -Carbomethoxy-2-chloro-n a eg ——A mixture of 2-chloro-n-propylamine hydrochloride 
(11-4 g.), water (10 c.c.), and ether (10 c.c.) was stirred whilst methyl chloroformate (9-0 g.), and potassium 
hydroxide (6-8 g.) in water (40 c.c) were dropped in simultaneously. After one hour, ether extraction 
yielded N-carbomethoxy-2-chloro-n-propylamine (6-8 g.), b. p. 76°/1 mm.; m}§° 1-4564 (Found: C, 39-9; 
H, 6-7. C;H,,0O,NCI requires C, 40-1; H, 6-7%). 

N- -Carbethoxydi-(2-chloroethyl)amine (VII; R = CO,Et).—Ethyl chloroformate.(55 g.) and 2N-sodium 
hydroxide (500 c.c.) were simultaneously dropped into a stirred solution of di-(2-chloroethyl)amine 
hydrochloride (90 g.) in water (75 c.c.). The rates of addition were adjusted to maintain the alkalinity 
of the solution, which was cooled to 7—10°. N- ~Carbethoxyds-(2-chloroethyl amine (90 g.), b. p. 112— 
116°/3 mm. (Found: N, 6-95. C,H,,0,NCI, requires N, 6-55%), was isolated by means of ether. 

N-Chlorocarbonyl-N-methyl-2-chloroethylamine (V; R’ = e; R’” = COCI).—Methyl-2-chloroethyl- 
amine hydrochloride (5-2 g.) was dissolved in water (20 c.c.), and added to a mixture of benzene (50 c.c.), 
water (20 c.c.), and sodium hydrogen carbonate (8-4 g.) at 5—10°. Carbonyl chloride was bubbled 
through the mixture for one hour at 10°. The benzene layer was separated, dried, and distilled, yielding 
N-chlorocarbonyl-N-methyl-2-chloroethylamine (2-7 g.), b. Bi 98°/10 mm.; m}8* 1-4850 (Found: C, 30-9; 
H, 4-5; Cl, 45-9. C,H,ONCI, requires C, 30-8; H, 4-5; Cl, 45-5%) 

Chloroaceto-2-chloroethylamide (V; R’=H; R” = Concetta). —(a) Thionyl chloride (16 g.) in 
chloroform (25 c.c.) was run into a solution of chloroaceto-2-hydrox ‘yethylamide (14 g.) (Jacobs and 
Heidelberger, J. Biol. Chem., 1915, 21, 407) in chloroform (25 c.c.) at 40°. Distillation gave chloroaceto-2- 
chloroethylamide, b. p. 95°/0- 2 mm., solidifying to a waxy solid, m. F 51—53°. Recrystallisation from 
petroleum (b. p. 60—80°) gave needles, m. p. 57—57-5° (Found : , 90; 9-3; Cl, 45-8. C,H,ONCI, 
requires N, 9- mv Cl, 45-5%). 

(b) 2-Chloroethylamine hydrochloride (12 g.) (Ward, J. Amer. Chem. Soc., 1935, 57, 914) was added 
to 2n-sodium hydroxide (52 c.c.) at —10°. Chloroacetyl chloride (17-4 g.) ‘and 2N-sodium hydroxide 
(147 c.c.) were dropped in with stirring and cooling to —7°. The solid (13-3 g.), m. p. 57—58°, was 
recrystallised from petroleum (b. p. 60—80°) giving the pure amide in needles, m. p 58°, undepressed on 
mixing with the specimen from (a). 

Chloroacetomethyl-2-chloroethylamide (V; R’ = Me; R” = CO-CH,Cl).—Methyl-2-chloroethylamine 
hydrochloride (12-9 g.) in water (25 c.c.) was added to a suspension of sodium hydrogen carbonate 
(50 g.) in water (100 c.c.) at 15°. Chloroacetyl chloride (16-9 g.) was then slowly dro; jt in with stirring. 
Chloroacetomethyl-2-chloroethylamide (6 g.), b. p. 110—112°/0-8 mm. ; ny 1-5010 (Found: C, 35-3; H, 
5-1. CsH,ONCI, requires C, 35-3; H, 5-3%), was isolated by extraction with ether. 

Chloroacetodi-(2-chloroethyl)amide (VII; R = CO-CH,Cl).—Di-(2-chloroethyl)amine hydrochloride 
tee. g.) was added to a solution of sodium hydroxide (16 g.) in water (200 c.c.) at 0°. Chloroacetyl chloride 

22-5 g.) was dropped in with efficient stirring. The crude product was isolated by extraction with ether. 
Trituration with benzene removed a small amount of an insoluble compound, m. p. 97—99° (Found: N, 
6-1; Cl, 45-2. C,H,,0O,NCl, requires N, 5-9; Cl, 45-0%). Distillation of the benzene filtrate gave 
chloroacetodi-(2-chloroethy lhamide as a colourless, viscous oil, b. p. 140—144°/0-05 mm.; m}j" 1-5198 
(Found : N, 6-2; Cl, 48-6. C,H,,ONCI, requires N, 6-4; Cl, 48-7%). 

Dichloroaceto-(2-hydroxyethyl)amide (IV; R= CO-CHCI,).—Dichloroacetyl chloride (37 g.) (Brown, 
J. Amer. Chem. Soc., 1938, 60, 1325) was dropped into a stirred mixture of 2-hydroxyethylamine (30 g.), 
ethyl acetate (100 c.c.), and chloroform (40 c.c.). The 2-hydroxyethylamine hydrochloride (29 g.) was 
filtered off and washed with ethyl acetate. The filtrate was evaporated, and the residue recrystallised 
from ethyl acetate-light petroleum (b. p. 60—80°), yielding eng org (36-5 g.), 
NY S1E%). p. 85—86° (Found: C, 28-1; H, 4:05; N, 8-2. C,H,O,NCI, requires C, 27-9; H, 4-05; 

8-15%) 

Dichloroaceto-(2-chloroethyl)amide (V; R’ = H; R’” = CO-CHCI,).—(a) From 2-hydroxyethylamine 
and dichloroacetic acid. The amine (6 g.) and dichloroacetic acid (13 g.) were cautiously mixed. The 
mixture was heated to 160°, and the temperature increased to 185° during 45 minutes. Distillation gave 
a pale yellow oil (3-9 g.), b. p. 108—110°/1 mm., which solidified. This was recrystallised from ethyl 
acetate-light petroleum (b. p. 40—60°) giving dichloroaceto-(2-chloroethyl)amide, needles, m. p. 65-5— 
og! vo C, 26-2; H, B. 1; N, 7-7; Cl, 55-4. C,H,ONCI, requires C, 25-2; H, 3-15; N, 7-35; 

, 55-99 

(b) From the soem a and thionyl chloride. Dichloroaceto-(2-hydroxyethyl)amide (3-4 g. ), 

chloroform (10 c.c.), and thionyl chloride (5 c.c.) were boiled for 10 minutes. Evaporation and 


recrys 
lisation from ethyl acetate-light petroleum (b. p. 60—80°) gave needles (1-6 g.; 42%) of the 
2-chloroethylamide, m. p. 64—65° 
(c) From 2-chloroethylamine. 2-Chloroethylamine hydrochloride (4-6 g.) dissolved in 1-2n-sodium 
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hydroxide (25 c.c.) was treated at 0° with dichloroacetyl chloride (6-0 g.) and 2N-sodium hydroxide 
(25 c.c.). The product (1:0 g.; 21%; m. p. 65—66°) was extracted with ether and purified as in (b). 

(d) From the hydvoxyethylamide and phosphorus pentasulphide. Dichloroaceto-2-hydroxyethylamide 
(4:3 g.), phosphorus pentasulphide (1-5 g.), and toluene (10 c.c.) were boiled for 4 hours; some hydrogen 
chloride was evolved. The black tar was extracted with boiling ethyl acetate, giving the amide (0-76 g.; 
15%), m. p. 65—66°. 

Benzoylation of Di-(2-chloroethyl)amine.—Di-(2-chloroethyl)amine hydrochloride (17-9 g.) in water 
(50 c.c. ) was stirred at 0—5° and benzoyl chloride (16-8 g.) and 3N-sodium hydroxide (100 c.c.) were run 
in simultaneously during 45 minutes. The rates of addition were controlled so that the solution was 
slightly alkaline throughout. The mixture was stirred for 1? hours and the granular solid filtered off, 
powdered, and washed successively with 6% sodium hydrogen carbonate solution, water, and light 
petroleum (b. p. 40—60°). After drying in a vacuum, the product (20-5 g.; m. p. 48—48-5°) was 
—— from petroleum (b. p. 80—100°), yielding benzodi-(2-chloroethyl)amide (VIII), needles, 

m. p. 50°5—52° (Found: C, 53-8; H, 5-2; N, 5-9; Cl, 27-7. C,,H,,;ONCI, requires C, 53-65; H, 5-3; 
N, 5:7; Cl, 289%). During the recrystallisation a small amount of an insoluble solid was obtained. 
This was crystallised from alcohol, and finally from acetone-ether, giving 2-benzoyloxyethyl-2’-chloro- 
ethylamine hydrochloride (IX), m. p. 132—134° (Found: C, 50-0; H, 5-7; N, 5-35; Cl, 25-6. 
C,,H,,;0O,NCI, requires C, 49-95; H, 5-7; N, 5-3; Cl, 26-9%). The compound was easily soluble in water 
(solution contained chloride ions) and sodium hydroxide precipitated an oil. This was isolated by means 
of ether, and treated with picric acid, giving 2-benzoyloxyethyl-2’-chloroethylamine picrate, yellow needles, 
m. p. 188—189°, from acetone (Found : N, 12-55; Cl, 7-9. C,,H,,O,N,Cl requires N, 12-25; Cl, 7-75%). 


This paper is published with the approval of the Chief Scientist, Ministry of Supply, to whom thanks 
are expressed. 
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118. Halogenated Ketones. Part V. Some Derivatives of 
w-Chloroacetophenone. 


By J. R. Catcn, D. F. Exvtiott, D. H. Hey, and E. R. H. Jonss. 


The preparation of various amines, arsonic acids, and dichloroarsines of the w-chloroaceto- 
phenone and the w-chloroacetyldiphenyl series is described. 


For the preparation of various amines related to w-chloroacetophenone, required in connexion 
with investigations of their physiological properties, the corresponding nitro-compounds, many 
of which were known, appeared to be the most promising intermediates. It was clear, however, 
that most of the orthodox methods of reduction were unlikely to succeed on account of the 
labile nature of the halogen atom. It was also obvious, from a study of the properties of 
«-chloro-p-aminoacetophenone, already described by Kunckell (Ber., 1900, 33, 2645), that the 
desired amino-compounds were likely to be unstable, except under carefully-controlled conditions. 
Fortunately, the method of reduction devised by Ruggli and Reichwein (Helv. Chim. Acta, 1937, 
20, 917) for the preparation of w-chloro-o-aminoacetophenone from the corresponding nitro- 
compound, involving the use of copper bronze and warm concentrated sulphuric acid, proved 
to be generally applicable in this series. In this way w-chloro-m-amino-, -p-amino-, -3 : 4-diamino- 
and -3: 5-diaminoacetophenones were readily prepared, the w-chloro-3 : 5-dinitroacetophenone 
being prepared by the action of diazomethane on the acid chloride. w-Chlovo-3-amino-4- 
methoxyacetophenone was obtained by hydrolysis of its N-acetyl derivative, the latter being 
prepared by the condensation of chloroacetyl chloride with acet-o-anisidide in the presence of 
aluminium chloride; oxidation to 3-acetamido-4-methoxybenzoic acid sufficed to prove its 
structure. Most of these amines of the chloroacetophenone series are devoid of lachrymatory 
properties but they produce marked sternutatory effects. 

Fries and Finck (Ber., 1908, 41, 4277) described the rearrangement of the chloroacetyl 
derivative of m-cresol to w-chloro-2-hydroxy-4-methylacetophenone. On repetition of this 
work it was found that w-chloro-4-hydroxy-2-methylacetophenone was also formed in this reaction. 
The structure of the latter compound followed from its reduction with zinc dust in aqueous- 
alcoholic acetic acid to the known 4-hydroxy-2-methylacetophenone. 

Gibson e# al. (Rec. Trav. chim., 1930, 49, 1006) and Malinovskii (J. Gen. Chem. Russia, 1935, 
5, 1355; Chem. Abs., 1941, 35, 443) have shown that the application of the Friedel-Crafts 
reaction to aryldichloroarsines results in the replacement of the dichloroarsine group by an acyl 
group. Acylaryldichloroarsines had therefore to be prepared from the appropriate 
amino-ketones by means of the Bart reaction followed by chlorination and reduction of the 
arsonic acid. Following the procedure of Sergeev and Kudryashev (J. Gen. Chem. Russia, 1937, 
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7, 1488) for the p-isomeride, m-aminoacetophenone was converted into m-acetylphenylarsonic 
acid, the method being an improvement on that described by Gibson and Levin (J., 1931, 2395). 
The acid was chlorinated in acetic acid solution and the m-chloroacetylphenylarsonic acid reduced 
to m-chloroacetylphenyldichloroarsine with sulphur dioxide in concentrated hydrochloric acid. 
2-Amino-4'-acetyldiphenyl, prepared by stannous chloride reduction of the corresponding 
nitro-compound, was converted similarly into 4’-acetyldiphenyl-2-arsonic acid and 4’-chloroacetyl- 
diphenyl-2-dichloroarsine. 


EXPERIMENTAL. 


w-Chloro-o-chloroacetamidoacetophenone.—A small quantity of the corresponding base (Ruggli and 
Reichwein, loc. cit.) was mixed with a few a of chloroacetyl chloride, a drop of pyridine was added, 
and the mixture was warmed on the steam- for afew minutes. The product was poured into water, 
filtered off, washed with water, and crystallised from methanol. The chloroacetyl derivative formed long 
needles, m. p. 113° (Found: N, 5-8; Cl, 29-4. C, 9H,O,NCI, requires N, 5-7; Cl, 28-8%). 

w-Chloro-m-aminoacetophenone.—m-Nitrophenacyl chloride (4-4 g.; Barkenbus and Clements, 
J. Amer. Chem. Soc., 1934, 56, 1369) dissolved in concentrated sulphuric acid (80 c.c.) was stirred and 
maintained at 40—50° while copper bronze (10 g.) was added in small portions during 30 minutes. The 
solution was diluted to 500 c.c. with water, and a solution of sodium hydroxide (120 g.) in water (300 c.c.) 
was added slowly with stirring and ice-cooling until the solution was faintly alkaline. The yellow 
precipitate was extracted with ether, and the ether solution dried and evaporated to dryness under 
reduced pressure. w-Chloro-m-aminoacetophenone (2-8 g.) formed ee yellow needles, m. p. 90—91°, 
from ether (Found: N, 8-5; Cl, 20-8. C,H,ONCI requires N, 8-3; Cl, 20-9%). The base was readily 
soluble in dilute hydrochloric acid, and was rapidly decomposed by alkalis. 

w-Chioro-m-formamidoacetophenone.—w-Chloro-m-aminoacetophenone (100 mg.) was heated on 
the steam-bath with anhydrous formic acid (1-5 c.c.) for 10 minutes, the red solution was poured into 
water, and the dried ——- crystallised from chloroform. The formyl derivative formed buff-coloured 
needles, m. p. 135° (Found: N, 7-2. C,H,O,NCI requires N, 7-1%). 

w-Chloro-m-acetamidoacetophenone.—The base (100 mg.) was heated on the steam-bath with acetic 
anhydride, and the mixture poured into water. w-Chloro-m-acetamidoacetophenone separated from 
aqueous _ acid in fine needles, m. p. 128° (Found: N, 6-9; Cl, 16-6. C,9H,,.O,NCl requires N, 6-6; 
Cl, 16-75%). 

w-Chloro-m-chloroacetamidoacetophenone.—A small quantity of the base was suspended in a slight 
excess of n-sodium hydroxide solution cooled in a freezing mixture. Chloroacetyl chloride was 
then added drop by drop, and the mixture well shaken after each addition, until it was apparent that 
excess had been added. The solid was filtered off, washed with water, and, on crystallisation from methyl 
alcohol, the chloroacetyl derivative formed clusters of buff-coloured needles, m. p. 110—111° (Found: N, 
5-8; Cl, 29-5. C,H,O,NCI, requires N, 5-7; Cl, 28-8%). 

w-Chloro-m-methylaminoacetophenone.—w-Chloro-m-aminoacetophenone (1 g.) and dimethyl sulphate 
(0-8 g.) were mixed and gently warmed. A vigorous reaction took place with production of a brown 
viscous mass, which was cooled, dissolved in water, and the solution diluted to 100c.c. The precipitated 
solid was extracted with ether, the ether dried (Na,SO,) and evaporated, and the residue crystallised 
first from methanol and then from aqueous methanol. w-Chloro-m-methylaminoacetophenone formed 
long, pale yellow needles, m. p. 79—81° (Found: C, 59-1; H, 5-6; Cl, 19-0. C,H,,ONCI requires C, 
58-9; H, 5-5; Cl, 19-3%). An ice-cold solution of the base in dilute hydrochloric acid yielded a white 
precipitate of the nitroso-compound on addition of sodium nitrite. 

w-Chlovro-p-nitroacetophenone.—This was prepared as described by Ruggli and Reichwein (Joc. ee | 
for the o-isomer from 2-5 g. of p-nitrobenzoyl chloride. The product (2 g.) had m. p. 89°, which remain 
constant after successive crystallisations from alcohol, light petroleum (b. p. 40—60°), and alcohol- 
benzene (2:3). Drying at 80°/0-2 mm. for two hours and heating to 200° and cooling failed to raise 
the melting point. A specimen of highly-purified product, prepared by sublimation under diminished 
pressure, m. p. 90° (Dale and Nierenstein, Ber., 1927, 60, 1026, give m. p. 107°) (Found: Cl, 17-7. 
Calc. for C,H,O, Ci: Cl, 17-8%). r 

w-Chloro-p-aminoacetophenone.—p-Nitrophenacyl chloride (500 mg.) was reduced as described above. 
In this case the solution obtained after filtration of the copper bronze was made faintly alkaline by cautious 
addition of sodium hydroxide before extraction with ether. The ketone (300 mg.) crystallised from 
aqueous methyl alcohol as flat yellow needles, m. p. 146°, undepressed on admixture with a specimen, 
m. p. 147°, prepared by the method of Kunckell (loc. cit.). The acetyl derivative had m. p. 210—211°, 
undepressed on admixture with an authentic specimen. 

w-Chloro-p-chloroacetamidoacetophenone was prepared similarly to the ortho-isomer; after two 
crystallisations from methyl alcohol it was obtained as straw-coloured needles, m. p. 170—171° (Found : 
N, 5-9; Cl, 28-9. C,H,O,NCl, requires N, 5-7; Cl, 28-8%). 

w-Chloro-3 : 4-diaminoacetophenone.—w Chloro-®-nitro 4-aminoacetophenone (2 g.; Kunckell, Ber. 
Dtsch. Pharm. Ges., 1911, 21, 435; Jérlander, Ber., 1917, 60, 1458) was dissolved in concentrated sulphuric 
acid (40 c.c.) and reduced with copper bronze (5 g.) in the manner already described. The reaction 
mixture was poured on ice and the solution diluted with water to 400 c.c., heated to boiling, and filtered 
hot from the excess of copper bronze. The sparingly soluble sulphate of the diamine crystallised on 
cooling as small plates (1-7 g.) which rapidly darkened. The sulphate was decomposed a ans aap in 
water (50 c.c.), covering with a layer of rey Soe ne (25 c.c.), and adding n-sodium h ide solution 
drop by drop with ing until the aqueous layer was alkaline to bromothymol blue. ethyl acetate 


layer was separated, ed with water, dried, and evaporated under reduced re. The residue 
was crystallised from chloroform giving w-chloro-3 : 4-diaminoacetophenone (0-5 g.) in small red needles, 
m. Pp 108° (decomp.). The diamine darkened in air and on heating in solvents (Found: N, 14-9; Cl, 
18-9. C,H,ON,Cl requires N, 15-2; Cl, 19-2%). 

NN 


554 Catch, Elliott, Hey, and Jones: Halogenated Ketones. Part V. 


w-Chloro-3 : 5-dinitroacetophenone.—3 : 5-Dinitrobenzoyl chloride (8 g.) was dissolved in ether 
(200 c.c.; dried over sodium) and added in small portions to a solution of diazomethane (4-2 g.) in dry 
ether (200 c.c.) cooled to —5°. The solution rapidly became deep red and a sticky red solid was deposited 
on the walls of the vessel. After the addition was complete the solution was kept for an hour at —5°. 
Dry hydrogen chloride was then passed into the solution, first with ice cooling (15 minutes) and then at 
room temperature until the red solid had changed in colour to brown and effervescence had ceased. 
After being kept overnight the solution was filtered, and the filtrate evaporated to dryness under reduced 
pressure. The solid residues were combined and suspended in ethyl acetate (100 c.c.), and the suspension 
was shaken vigorously with sodium hydrogen carbonate solution (100 c.c.; 10%); the suspended 
solid dissolved and both layers were deep red. The mixture was filtered and the ethyl acetate layer 
separated, washed again with sodium hydrogen carbonate solution and then with water, dried, and 

» evaporated. The dark red solid which remained was crystallised from chloroform (charcoal) yielding 
w-chloro-3 > 6-dinitroacetophenone (3-5 g.) as yellow plates, m. p. 122° (Found: N, 11-5. C,H,0,N,Cl 
requires N, 11-45%). The ketone reacted rapidly with hot sodium hydroxide solution to give a solution 
containing chloride ions and yielded 3 : 5-dinitrobenzoic acid on oxidation with potassium permanganate 
solution. 

w-Chloro-3 : 5-diaminoacetophenone.—The above ketone (1 g.) was dissolved in concentrated sulphuric 
acid (20 c.c.) and reduced with copper bronze (5 g.). The reaction mixture was filtered through a 
sintered glass plate and the white solid (CuSO,) washed with concentrated sulphuric acid (5 c.c.). The 
filtrate was poured on ice and the solution, after dilution with water to 500 c.c., was cooled (ice), covered 
with a layer of ethyl acetate (100 c.c.), and stirred vigorously while sodium hydrogen carbonate (84 g.) 
was added in small portions until the acid had been neutralised. The ethyl acetate layer was separated, 
washed with water, dried, and evaporated under reduced pressure. The base crystallised from ethyl 
acetate—chloroform (1 : 1) in the form of yellowish-brown silky needles (500 mg.), decomp. 115° (Found : 
N, 15-0; Cl, 19-3. C,H,ON,Cl requires N, 15-2; Cl, 19-2%). The diacetyl derivative crystallised from 
ethyl alcohol in lustrous flat needles, m. p. 222° (decomp.) (Found: N, 10-2; Cl, 13-3. C,,H,,;0;N,Cl 
requires N, 10-4; Cl, 13-2%). é 

w-Chloro-3-acetamido-4-methoxyacetophenone.—Acet-o-anisidide (10 g.), chloroacetyl chloride (20 g.), 
and carbon disulphide (50 c.c.) were mixed and vigorously stirred in a flask fitted with a reflux condenser. 
Aluminium chloride (30 g.) was then added in 6 equal portions at 3 minute intervals; a brisk reaction 
took place with separation of a violet-red oil. After being stirred for a further 15 minutes the reaction 
was completed by being heated on the steam-bath for 15 minutes. The reaction mixture was cooled, the 
carbon disulphide decanted, and the residual oil decomposed with ice and dilute hydrochloric acid, 
leaving a buff-coloured solid which was filtered off and washed well with water. After repeated crystal- 
lisation from acetic acid the w-chloro-3-acetamido-4-methoxyacetophenone (11 g.) was obtained as needles, 
m. p. 185—186° (softening at 180°) (Found: N, 6-1; Cl, 15-5. C,,H,,0,NCl requires N, 5-8; Cl, 14-7%). 
The substance was not soluble in cold sodium hydroxide solution and gave no coloration with alcoholic 
ferric chloride. 

The above acetyl compound (200 mg.) was shaken for one hour at room temperature with sodium 
hypobromite solution (1-2 g. of bromine added to 30 c.c. of n-sodium hydroxide cooled in ice), then 
filtered from solid matter and cooled while excess of sulphur dioxide was bubbled into the solution. 
3-Acetamido-4-methoxybenzoic acid (110 mg.) was deposited as fine needles, m. p. 226°. The acid 
was recrystallised from alcohol forming iridescent plates, m. p. 266—267° (decomp.), undepressed on 
admixture with an authentic specimen of the acid (Simonsen and Rau, Joc. cit.). 

w-Chloro-3-amino-4-methoxyacetophenone.—The above acetyl compound (1 g.) was heated under 
reflux with a mixture of hydrochloric acid (8 c.c.) and water (16 c.c.) until solution was complete (about 
10 minutes) ; after cooling, crystals of the hydrochloride of the base were deposited. This cold solution 
was covered with a layer of ethyl acetate (25 c.c.), and excess of sodium hydrogen carbonate added with 
stirring. The ethyl acetate layer was separated, washed with water, dried, and evaporated under 
reduced pressure. w-Chlovo-3-amino-4-methoxyacetophenone (650 mg.) crystallised from methanol in 
almost colourless lustrous plates, m. p. 114° (Found: N, 7-3; Cl, 181. C,H,)O,NCl requires N, 7-0; 
Cl, 17: *8%). The base decomposed into a brown insoluble substance on prolonged heating in a vacuum 
at 80°. 

w-Chloro-4-hydroxy-2-methylacetophenone.—m-Cresol (21-6 g.) was treated as described by Fries and 
Finck (Joc. cit.), and the crude product distilled with superheated steam at 200°. The product (4-5 g.) 
which separated from the distillate was extracted with light petroleum (b. p. 40—60°). The soluble 
fraction, after crystallisation from the same solvent and then from water, formed needles, m. p. 100°, of 
w-chloro-2-hydroxy-4-methylacetophenone. Repeated crystallisation of the insoluble fraction from 
benzene gave w-chloro-4-hydroxy-2-methylacetophenone as needles, m. p. 147-5° (Found: C, 58-2; H, 4-7. 
C,H,O,Cl requires C, 58-55; H, 4:9%). On reduction with zinc dust in aqueous-alcoholic acetic acid 
(Stephen and Weizmann, J., 1914, 105, 1046) 4-hydroxy-2-methylacetophenone, m. p. 128° (cf. Nencki 
and Stoeber, Ber., 1897, 30, 1770, and Eijkmann, Chem. Zentr., 1904, I, 1597), was obtained. 

m-Chloroacetylphenylarsonic Acid.—m-Aminoacetophenone (13-5 g.) was converted into the arsonic 
acid (13 g.) as described by Sergeev and Kudryashev (loc. cit.) for the p-isomeride. A solution of chlorine 
(1-5 g.) and the arsonic acid (5 g.) in glacial acetic acid (73 g.) was exposed to ultra-violet light for 
3 hours, by which time the colour due to the chlorine had disappeared. Acetic acid was removed under 
reduced pressure, and dilution with water precipitated the crude m-chloroacetylphenylarsonic acid (2-2 g.), 
which crystallised from dilute acetic acid or hot water in needles, m. p. 202—203° (decomp.) (Found : 
Cl, 12-8. C,H,O,ClAs requires Cl, 12-7%). The acid had similar properties to those of the p-isomeride. 

m-Chloroacetylphenyldichloroarsine.—A mixture of the arsonic acid (2 g.) and concentrated 
hydrochloric acid (10 c.c.), to which a crystal of potassium iodide had been added, was heated on the 
steam-bath, and a stream of sulphur dioxide was passed in until the aqueous layer became transparent 
(14 hours). The heavy oil (1-85 g.) was removed with benzene and distilled daelding m_-chloroacetyl- 
phenyldichloroarsine as a pale yellow, viscous, oil, b. p. 170—180°/0-8 mm., 3°" 1-6302 (Found: C, 
32-3; H, 1-9; Cl, 35-3. C,H,OCI,As requires C, 32-1; H, 2-0; Cl, 35-5%). 
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4’-Acetyldiphenyl-2-arsonic Acid.—2-Nitro-4’-acetyldiphenyl was prepared from 2-nitrodiphenyl by 
means of the Friedel-Crafts reaction, as described by Grieve and Hey (J., 1933, 971). Reduction of the 
nitro-compound (18 g.) with stannous chloride gave 2-amino-4’-acetyldiphenyl (8-6 g.) which crystallised 
from dilute methanol in yellow plates, m. p. 88—90° (Found: C, 79-4; H, 6-2; N, 6-4. C,,H,,ON 
requires C, 79-6; H, 6-2; N, 6-6%). The amine (8-6 g.) was dissolved in methyl alcohol (60 c.c.), and 
concentrated sulphuric acid (5 g.) was added. After addition of arsenic trichloride (12-9 g.) the mixture 
was diazotised with aqueous sodium nitrite (3-5 g. in 5 c.c.). Subsequently cuprous chloride (0-5 g.) 
was added and the solution kept overnight. Boiling water (50 c.c.) was added, and the precipitated 
arsonic acid filtered off from the cold mixture. The crude semi-solid acid was triturated with acetone 
to remove gummy impurities. On crystallisation from methanol 4’-acetyldiphenyl-2-arsonic acid 
separated in pale yellow needles, m. p. 235—236° with previous softening (Found: C, 52-0; H, 4-6. 
C,4H,,;0,As requires C. 52-5; H, 41%). 

4’-Chlovroacetyldiphenyl-2-dichloroarsine.—The arsonic acid (3-09 g.) was chlorinated in glacial acetic 
acid solution, as described for m-acetylphenylarsonic acid, giving 4’-chloroacetyldiphenyl-2-arsonic acid 
(2-2 g.) which crystallised from acetic acid in needles, m. p. 205—206° (Found: Cl, 12-3. C,,H,,0,ClAs 
requires Cl, 100%). Analysis showed that the acid was not pure but the impurities were successfully 
removed during the reduction stage. The arsonic acid (1-9 g.) was treated with sulphur dioxide as before, 
except that alcoholic hydrogen chloride replaced the concentrated hydrochloric acid previously used. 
In this manner 4’-chloroacetyldiphenyl-2-dichloroarsine (1-3 g.) was obtained, which separated from alcohol 
in yellow needles, m. p. 105—106° (Found: C, 44-9; H, 2-9; Cl, 28-5. C,,H,,OCl,As requires C, 44-8; 
H, 2-7; Cl, 28-3%). 


This paper is published with the approval of the Chief Scientist, Ministry of Supply, to whom thanks 
are expressed. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. (Received, May 14th, 1948.] 





119.: Acetone Compounds of Sugar Mercaptals: Diisopropylidene 
D-Xylose Diethylmercaptal. 


By O. T. DaLLey and R. J. McILrRoy. 


Condensation of D-xylose diethylmercaptal with acetone in presence of phosphoric oxide or 
copper sulphate gave a diacetone derivative shown to be 2: 4-3 : 5-diisopropylidene D-xylose 
diethylmercaptal. Methylation of the latter gave 2: 4-dimethyl 3: 5-isopropylidene vD-xylose 
diethylmercaptal which yielded, on demercaptalation and hydrolysis, crystalline 2 : 4-dimethyl 
D-xylose. 


ACETONE compounds of the mercaptals of the hexoses, glucose, mannose, and galactose have 
been prepared by Pacsu and his co-workers (Ber., 1924, 57, 849; 1929, 62, 2811, 3104). The 
mercaptals of both glucose and mannose yielded 2: 3-isopropylidene and. 2: 3-5 : 6-diiso- 
propylidene derivatives. Galactose gave two mono-compounds and two diisopropylidene 
compounds. The behaviour of the demercaptalated mono-compounds on periodate oxidation 
indicated that the isopropylidene residues were attached in 4 : 5- and 5 : 6-positions, respectively 
(Pacsu and Trister, J. Amer. Chem. Soc., 1939, 61, 2444; 1940, 62, 2301). 

In the present investigation the acetone compound of p-xylose diethylmercaptal has been 
prepared and characterised. Acetonation of xylopyranose is accompanied by a ring shift, 
1 : 2-3 : 5-diisopropylidene xylofuranose being the product (Haworth and 


~ a Porter, J., 1928, 611). §-Methylxyloside yields 3 : 5-isopropylidene 

~-, CMe §-methylxyloside (Robertson and Speedie, J., 1934, 824). Since in xylose 

M H-<-O / * diethylmercaptal as in B-methylxyloside there is no hydroxyl group on 

€2 \ o-CH C, available for condensation, the isopropylidene residue might, by 
2 


I analogy, be expected to engage the 3: 5-positions. The absence of an 

(I) oxide ring, however, makes the hydroxyl group attached to C, also 
available in the mercaptal, and a number of possible mono- and diisopropylidene derivatives 
may be visualised. 

Treatment of p-xylose diethylmercaptal with acetone in presence of phosphoric oxide or 
anhydrous copper sulphate gave diisopropylidene v-xylose diethylmercaptal (I) as a syrup. 
Successive methylations with Purdie’s reagents and sodium and methy] iodide in ether converted 
(I) into impure 2:4-dimethyl 3: 5-isopropylidene p-xylose diethylmercaptal, a syrup. 
Hydrolysis of the latter (0°3n-sulphuric acid in alcohol at 70°) was accompanied by partial 
demercaptalation. Complete demercaptalation was effected by mercuric chloride and mercuric 
oxide in methanol according to the method of Pacsu and Green (J. Amer. Chem. Soc., 1936, 58, 
1824). The product reduced Fehling’s solution in the cold and ammoniacal silver nitrate and 
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was presumed to be 2: 4-dimethyl isopropylidene aldehydoxylose. Methanolysis of the latter 
gave 2:4-dimethyl ®-methylxyloside, which gave, on hydrolysis, 2:4-dimethyl p-xylose, 
identified by conversion into the crystalline anilide (Baker, Hirst, and Jones, J., 1946, 783). 

The extreme ease of hydrolysis of acetone residues is well known. Irvine and Hynd (/., 
1909, 95, 1220) found it difficult to avoid this during methylation of ‘‘ diacetone ” fructose by 
methyl iodide and silver oxide unless special precautions were taken to exclude moisture. 
Although these precautions were taken during the methylation herein described, one such 
residue was removed in the course of this operation. The isolation of 2 : 4-dimethy]l xylose after 
methylation, demercaptalation, and hydrolysis of the ditsopropylidene xylose mercaptal proves 
that the more firmly bound isopropylidene residue engages the 3 : 5-positions. This establishes 
the position of the other residue on carbon atoms 2 and 4. Hence the disubstituted compound 
is 2 : 4-3 : 5-diisopropylidene p-xylose diethylmercaptal. 


EXPERIMENTAL. 


Diisopropylidene pv-xylose diethylmercaptal. Phosphoric oxide (44 g.) was added with vigorous 
shaking to a solution of D-xylose diethylmercaptal (28 g., m. p. 63°, [a]}*° —30° in water, prepared from 
p-xylose by the method of Wolfrom, J. Amer. Chem. Soc., 1931, 58, 4379) dissolved in dry acetone 
(750 c.c.). The mixture was shaken for 1 hour, the reaction being controlled by cooling in ice-water. 
Inorganic material was then filtered off and washed with acetone. Water (10 c.c.) was added to the 
combined extracts, which were then neutralised by sodium carbonate. Filtration, followed by 
evaporation under diminished pressure, left a stiff syrup. This was extracted with chloroform, and the 
extract dried (Na,SO,) and evaporated to a viscous red syrup which was contaminated by acetone 
auto-condensation products. Distillation of the syrup gave the following fractions: (1) 2 8+ b. p. 
40°/1 mm. (bath temp.), 20° 1-4439 (I.C.T.); (2) 5 g., b. p. 60°/0-02 mm. (bath temp.), m}5* 1-4970, 
optically inactive [mesitylene has ml" 1-4980 (I.C.T.)]; (3) 27 g. (85%), b. p. 115—120°/0-02 mm. 
(bath temp.), a yellow syrup, 2?" 1-5004, [a]}®° —62-3° in acetone (c, 2-62), which gave a positive iodoform 
test when hydrolysed with hydrochloric acid (5n) (Found: C, 53-6; H, 8-3; S, 18-7. Diisopropylidene 
xylose diethylmercaptal, C,;H,,0,S,, requires'C, 53-6; H, 8-3; S, 19-1%). 

Condensation of p-xylose diethylmercaptal with acetone in presence of anhydrous copper sulphate 
gave an identical product but in much lower yield (48%). 

2:4-Dimethyl 3: qe wey p-xylose diethylmercaptal. The above syrup (14 g.), dissolved in - 
methyl iodide (50 c.c.), was refluxed for 9 hours at 45° with exclusion of moisture, dry silver oxide (28 g.) 
being added in equal portions at hourly intervals. After evaporation under reduced pressure the 
methylated product was extracted with chloroform and the solvent evaporated, yielding 13-6 g. of syrup 
(Found: OMe, 13-8%). After 2 further methylations the syrup (11 g.; OMe, 16-8%) was dissolved in 
dry ether (150 c.c.), and sodium wire (2 g.) added. After the initial reaction had subsided, the solution 
was shaken for 36 hours, kept for 12 hours at room temperature, and decanted rapidly into a distilling 
flask containing methyl iodide (15 c.c.). Evaporation under diminished pressure gave a paste, which 
was dissolved in methyl iodide (25 c.c.), shaken vigorously for 24 hours, and kept at room temperature 
for 12 hours. An equal volume of dry ether was added, and the sodium iodide removed by filtration 
through activated carbon and washed with dry ether. Evaporation of the combined filtrate and washings 
~ an impure deep red syrup (7:2 g.), 3?" 1-4689, [a]?#?" —6-4° in water (c, 1-22) (Found: OMe, 18-3; 

, 17-6. Calc. for C,,gH,,0,S,: OMe, 19-1; S, 19-4%). A sample of the product decomposed at 
85°/0-1 mm. on distillation. Two methylations of dissopropylidene xylose diethylmercaptal by methyl 
sulphate and sodium hydroxide:(30%) gave a syrup; u}§° 1-4780; OMe, 17-6%. Subsequent treatment 
with sodium and methyl iodide in ether raised the methoxyl content to 18-3%; [a]}?° —5-8° in water 
(c, 2-05) (61% yield). 

Hydrolysis of dimethyl isopropylidene xylose diethylmercaptal. The syrup (6 g.), dissolved in sulphuric 
acid (50 c.c., 0-5N) and alcohol (25 c.c.), was heated for 2 hours at 70°. The solution darkened in colour 
and a strong smell of ethylthiol was detected. After neutralisation with barium carbonate and filtration 
through activated carbon, evaporation of the filtrate under diminished pressure at 40° gave a syrup 
which was further purified by extraction with chloroform. Removal of the solvent (dried, Na,SO,) gave 
a deep red syrup (4 g., mj’ 1-5123) with a negative iodoform reaction (Found: S, 15:7; OMe, 
26-4. Dimethyl xylose diethyimercaptal, C,,H,,0,S,, requires S, 22-5; OMe, 21-8%). It was apparent 
that partial demercaptalation had occurred. 

Demercaptalation. A solution of mercuric chloride (22 g.) in absolute methanol (50 c.c.) was added 
during 30 minutes to a mixture of dimethyl isopropylidene xylose diethylmercaptal (9 g.), yellow mercuric 
oxide (18 g.), and anhydrous sodium sulphate (5 g.) in absolute methanol (80 c.c.)._ After being stirred 
for 6 hours at 45°, the solution was filtered, the residue extracted with warm alcohol, and the combined 
filtrate and washings treated with pyridine (5 c.c.) and kept at 0° for 2 hours. After removal of the 
pyridine—mercuric chloride complex by filtration, the filtrate was evaporated under reduced pressure to a 
syrup which was freed from inorganic material by extraction with warm benzene. Evaporation of the 
extracts gave a syrup (5-4 g., 90%) which distilled at 85°/0-05 mm. (bath temp.). The syrup had 3%” 
1-4535, [a]}®° —52° in chloroform (c, 0-96), reduced Fehling’s solution and ammoniacal silver nitrate, 
and gave a egg iodoform test for acetone and a negative Lassaigne test for sulphur (Found: C, 55-4; 
H, 8-9; OMe, 26-5. Dimethyl isopropylidene aldehydoxylose C,,.H,,0,;, requires C, 55-1; H, 8-3; 
OMe, 28-4%). 

Hydrolysis of the aldehydoxylose. The syrup (3 g.) was heated with methanolic hydrogen chloride 
(250 c.c. containing 0-5% HCl) for 7 hours at 40°. Neutralisation with silver carbonate, filtration 
through activated carbon, and evaporation yielded a viscous syrup which gave on high-vacuum 
distillation a pale yellow liquid (1-2 g.), ni 1-4530, b. p. 100—105°/0-06 mm. Trituration with ether-- 
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light petroleum gave long colourless needles, m. p. 60°, [a]}7° —83-3° in chloroform (c, 0-82) [Robertson 
and Speedie, loc. cit., give m. p. 60—61°, long colourless needles, [a]§’ —82-4° (chloroform), n}S° 1-4534 
for 2 : 4-dimethyl B-methylxyloside] (Found : OMe, 47-5. Calc. forC,H,,0,: OMe, 48-4%). 

2: 4-Dimethyl p-xylose. The xyloside (1 g.) was heated with aqueous methanol (10 c.c.) containing 
hydrochloric acid (10 c.c., 3%) for 6 hours at 50°, and the solution neutralised with barium carbonate, 
filtered, and evaporated to ess at 45°. Ether extraction of the residue and evaporation of the 
extracts gave a straw-coloured reducing syrup which crystallised from acetone-light petroleum; m. p. 
107—108°, [a]}5° —28° (initial) —-> +21-2° (const., 29 hours) (c, 0-83 in water). Barker, Hirst, and 
Jones (j., 1946, 783) report m. p. 108°, [a]p —30° (initial) —-> +22° (24 hours) for 2: 4-dimethyl 
p-xylose (Found : OMe, 33-1. Calc. for C,H,,0,: OMe, 34-8%). The product, refluxed with alcoholic 
aniline for 3 hours on a steam-bath, gave 2 : 4-dimethyl xylose anilide, m. p. 168—169° (from alcohol— 
light petroleum), [a]??° —80-7° in dioxan (c, 0-8). Barker, Hirst, and Jones (loc. cit.) give m. p. 170°, 
[a}??” —82° in dioxan (Found : OMe, 23-0. Calc. for CjsH,,0,N : OMe, 24-5%). 


Micro-combustion analyses were done by C. L. Carter, Dunedin, and Weiler and Strauss, Oxford. 


CANTERBURY UNIVERSITY COLLEGE, CHRISTCHURCH, N.Z. [Received, May 24th, 1948.] 
UNIVERSITY COLLEGE, IBADAN, NIGERIA. 





120. Acid-catalysed Alcoholysis. Part I. 


By M. F. CaRRoLt. 


A method for studying acid-catalysed alcoholysis is described. In non-polar solvents the 
reaction velocity is proportional to the ester and catalyst concentration and is substantially 
independent of the alcohol concentration within the limits of the work reported. As in acid- 
catalysed esterification, secondary alcohols react much less readily than primary alcohols, and 
the difference in reactivity is very much greater than in the alcoholysis of esters of acetoacetic 
acid. 


The addition of secondary alcohols to an ester—primary alcohol—catalyst system causes a 
marked lowering of the rate of reaction and an explanation is offered to account for this. 


Tue author (XIth International Congress of Pure and Applied Chemistry) has recently shown 
that the alcoholysis of esters containing an active methylene group can be studied by a simple 
method involving the removal of the alcohol formed by azeotropic distillation. It was found 
that this reaction was not markedly affected by catalysts, and the rate of reaction was 
proportional to the ester concentration and independent of the alcohol concentration. In order 
to compare the reaction velocity with that of the acid-catalysed alcoholysis of simple esters, the 
same procedure was used with some aliphatic esters. The rate of reaction was found to be 
proportional to the ester and catalyst concentration and independent of the alcohol 
concentration, over a wide range. 

Goldschmidt e¢ al. (Z. physikal. Chem., 1907, 60, 728; 1929, 148, 139, 278) have shown that in 
acid-catalysed esterification, the reaction velocity is given fairly accurately by the expression : 


d[R-CO,R’]/dt = A[R°CO,H)[R“OH,*] « 2 6 © © «© (I) 


which for a constant catalyst concentration reduces to the usual first-order equation for k. 
Smith (J. Amer. Chem. Soc., 1939, 61, 254), working with methanol and various organic acids 
and hydrochloric acid as catalyst, showed that a correction should be applied on account of the 
oxonium ion produced in the esterification. The value of & thus obtained remained constant up 
to about 50% conversion, but a downward drift was then obtained. Leyes and Othmer (Ind. 
Eng. Chem., 1945, 87, 968) investigated the esterification of acetic acid and butanol with sulphuric 
acid as catalyst, but their work was complicated by the polyfunctional behaviour of the catalyst, 
although, in principle it confirms the findings of Goldschmidt and Smith. 

Thus previous work in this field was affected by three disturbing factors: (1) the organic 
acid is a catalyst for the reaction, (2) water produced in the esterification produces a different 
species of catalyst, i.¢e., the ion H,O* replaces the ion R*OH,* as the reaction proceeds, and 
(3) the actual catalyst itself may change and in some cases the rate of decay of the catalyst may 
seriously affect the results. In the present work these effects have been avoided, for with 
alcoholysis (1) and (2) no longer apply and the ions R’-OH,* and R’-OH,* are almost identical : 

R°CO,R’ + R’”-OH,* == R°CO,R” + R”“OH,* . ... . (2) 
Moreover, in the present paper the system becomes irreversible, the alcohol R’*OH being removed 
as fast as it is formed. The method has been described in detail (loc. cit.) but the essential 
features are as follows: A high-boiling ester R°CO,R’, a high-boiling alcohol R’*OH, and a 
stable catalyst react in a solvent at the boiling point of the mixture, the low-boiling alcohol 
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R”OH being removed rapidly by the boiling solvent vapour. The alcohol content of the 
distillate is measured by refractive-index determinations. The concentration is maintained, 
and the temperature controlled, by the addition of pure solvent to replace that which has 
distilled. 

The choice of the catalyst presents some difficulty ; hydrochloric acid is volatile, and apart 
from the above-mentioned disadvantage, sulphuric acid tends to be reduced at higher 
temperatures, and shows a high rate of decay during the progress of the reaction. Sulphonic 
acids were found to be satisfactory under the conditions of the experiments, and m-xylene- 
sulphonic acid, which is easily obtained in a pure crystalline form as the dihydrate, was used 
throughout this work. The rate of decay was found to be small enough to be ignored in most 
cases, but at high temperatures a slight correction is necessary. 

‘The method is somewhat restricted, as the temperature is mainly determined by the raising 
of the boiling point of the solvent by the dissolved reagents, and for this reason most of the 
measurements were made with equimolecular proportions, which fixed the b. p. of the 
solution at 118° and permitted a comparison to be made at this temperature. Also, by varying 
suitably the ratio of alcohol to ester, it was possible, within certain limits, to obtain the same 
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elevation of the b. p. of the solvent and consequently to compare reaction rates at different 
concentrations at the same temperature. 

The equation of the unimolecular reaction was found to represent the results accurately up 
to a conversion of 60—70%, and this is shown in Fig. 1, curves A and B referring to ethy] laurate 
and methyl phenylacetate respectively with octan-l-ol in toluene (see Table I). Curve C shows 
a similar result with ethylbenzene as solvent, and D shows this result corrected for rate of decay 
of the catalyst. 

The effect of catalyst concentration (c) on the rate of reaction is shown in Table I, which 


ls TABLE I. 

Ethyl laurate and octan-l-ol, 1 mol./l. in toluene at 118°. 
MEMES. acercncinnncksonaiansnioninnds 0-03 0-015 0-0075 
MIE * Uscctiocsoctabscasescniseiseceens 13-3 6-45 3-23 
BED snccttitcrnsesesaneseovvadotontbsenenes 0-443 0-431 0-431 

Ethyl phenylacetate and octan-l-ol, 1 mol./l. in ethylbenzene at 145°. 
I Kcctiicnherstontensanetesieess 0-01 0-0068 0-005 
UT, ‘Spdiniceehitsuenniesconeetennta 2-64 1-58 1-15 
MN sctniatiabvatboabiewdanbbocburesagienne 2-64 2-38 2-30 


indicates that the reaction velocity is approximately proportional to the catalyst concentration, 
although there is a small but probably significant dilution effect. 
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Tables II and III give the values of k for several esters and alcohols. Varying the proportions 
of alcohol and ester has little effect on the rate.of reaction calculated on the ester concentration. 


TABLE II. 
Ester and octan-l-ol at 1 mol./l.; catalyst = 0-015 mol./l. in toluene at 118°. 
108. 108. 10°. 
Ethyl laurate ............... 6-45 Ethyl —— oo oan Ethyl benzoate ............ 1-06 
Ethyl heptoate ............ 5-7 Methyl phenylacetate... 14-9 


(The value of & at this temperature was not measurable for ethyl salicylate on account of the low 
rate of reaction.) 


Ester and octan-1l-ol at 1 mol./l.; catalyst = 0-01 mol./l. in ethylbenzene at 145°. 


107k. 107k. 10*2. 
Methyl] phenylacetate ... 3-18 Ethyl phenylacetate ... 2-64 Butyl phenylacetate ... 1-10 
TaBLeE III. 
Alcohol and ethyl phenylacetate at 1 mol./l. in toluene at 118°; catalyst = 0-015 mol./l. 
10k. 108k. 108. 
SEE, cncasnscosncnnence 12-1 Benzylalcohol ......... DE Be  dececesscccetesecs 0-6 
2-Ethylhexanol ............ DO ORE wececicsicses.s 0-8 Phenylmethylcarbinol ... 0-7 


This is shown in Table IV, where the probable error is about 0°05 for equimolecular proportions 
but increases to 0°10 for the higher ratios. Catalyst and ester concentration are maintained 


TABLE IV. 
Ethyl phenylacetate and octan-l-ol in toluene at 118°; catalyst = 0-015 mol./l. 
es OE SIE GG oasis dscscccccncecescscenis 1:1 1:3 $31 15:1 
UD acchusese wamukseusbdsaniuannsebdnmeinkacnisgacbadeibtn 12-1 11-3 10°5 11-0 


constant. It is seen that the excess of alcohol does not increase the rate of reaction as 
would be expected from the simple bimolecular Fic. 2. 
mechanism. 
The effect of adding various quantities of 
a less reactive alcohol to a system containing 
equimolecular quantities of an ester and a 
primary alcohol is shown in Fig. 2. A very 09 
marked decrease in the value of & is observed. 
Goldschmidt and Smith had assumed that 
in acid esterification the catalyst reacted as the 0-8 \ 


10 











ion R-OH,*, and this view is supported by the 
results above, although the range investigated \ 
is somewhat limited. This implies that esterific- 0-7 

ation can be treated as a special case of 
alcoholysis and that the mechanism of both is- 
substantially the same. 04 


The concentration of the active ion RCOH,* ~ 
is given by the expression ° 
R-OH + HX = R°OH,* + X~ (3) 0-5 


and the extent of the protolysis may be ex- 
pected to be less than in more polar solvents, 
but it appears to be great enough to make the 0-4 
catalytic effect proportional to the catalyst 
concentration over a wide range, as is shown by 
the results in Table I. 03 





Ikp =F. 
































The very much lower reaction rate with 0 0-7 0-2 0-3 oF id 
secondary alcohols is probably due to the greater s, Mol.-fraction of secondary alcohol. 
energy of activation and to variation of the P factor, as the extent of the ionisation due to 
reaction (3) should not be greatly different from that of primary alcohols, the dielectric constants 
of these alcohols being of the same order. Smyth and Stoops (J. Amer. Chem. Soc., 1929, 51, 
3330) found for octan-l-ol, « = 7°2 at 58°, and for octan-2-ol, « = 5:6 at 56°. This view is 
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supported by the constancy of k/c for secondary alcohols. Thus with octan-2-ol at catalyst 
concentration c = 0°015 mol./l., = 0°8 x 10° and k/c = 0°053, and with c = 0-075 mol./l., 
k = 42 x 10% and k/c = 0°056. 

That the decrease in the value of k shown in Fig. 2 is not due to the dielectric effect can be 
inferred from the results in Table IV, where increase in the alcohol concentration which would 
increase the value of ¢« has no significant effect on the reaction velocity. It may be assumed, 
therefore, that the decrease in & is caused by the sharing of the available Ht ion. Thus for added 
polar compounds which do not react with the ester 


R,OH + BHt = R,OH,*+B ..... . (4) 


lf p, b, c, and a are the concentrations of the primary alcohol, the polar compound B, the 
catalyst, and the primary alcoholonium ion respectively, then 


R,’OH,*)[B] aa afb — (c — a)]} 

[RpOH][BH*] (p—a)(c—a) © © © © * * * * 
Complete ionisation being assumed, the reaction rate is proportional to the catalyst concentration 
c, and for the mixture « = chm/k», where kp and ky, are the rate constants for the primary 


alcohol alone and the mixture respectively. 
When the added polar compound, e.g., a secondary alcohol, takes part in the reaction 


hme = kpfRy‘OH,*] + #,[R,-OH,*] = kyr + h,(c—a) 2 2 « . (6) 


where the suffix s refers to the secondary alcohol. If the primary and secondary alcohol ions 
react independently in proportion to their separate reaction rates, and putting ky/k, = n, we 
have 


K= 








(5) 


hime = Iegla + (¢ — a) /n] 
and em@mp-Biee— 2. es s+ se sete sn ne @ 
where ¥ = km/ky. 
Substituting the calculated value of «, using » = 12°1/0°8 (see Table III) in equation (5), it 
is found that K = 0°35 for octan-l-ol and octan-2-ol. For octan-l-ol and m-cresol K = 2°13, 


the relative affinity for the proton being in the order of the strengths as base of the compounds 
used. 


The assumption of complete ionisation in equation (6) is open to objection, but it is reasonable 
to assume an effective hydrogen-ion concentration of the same order where the dielectric constant 
is nearly equal. If an effective concentration of catalyst is postulated such that c’ = c — HX 
in each case, and arbitrary values of c’ are used in place of c in equation (6), it will be found that 
where c’/c is between 0°5 and 1, the constancy and mean value of K are not appreciably affected. 
It may also be expected that some of the available H* ion is bound to the ester, but since the 
total ester species remains the same and is sensibly constant, the above argument applies equally 
well. 


EXPERIMENTAL. 


Materials.—The toluene used as solvent was obtained by the pyrolysis of dibenzyl ether, which gives 
a chemically pure product. The ethylbenzene was made from ethylene and pure benzene. Fractions of 
constant refractive index were selected from large-scale distillation. In each case redistillation gave 
fractions with a variation of only 0-0002 in the refractive index. 

The esters and alcohols onl: were selected from readily available raw materials, the starting point in 
each case being a chemically pure sagen which was further fractionally distilled and middle fractions 
selected. The catalyst was made by sulphonating pure m-xylene, adding sufficient water to obtain the 
m-xylenesulphonic acid as the dihydrate, and crystallising to constant acidity. 

The apparatus has been previously described. 

Method.—This differs in the order of addition of the reagents. The alcohol and catalyst and a known 
amount of solvent were heated to boiling in the flask, water being removed by the solvent and the volume 
of solution being maintained constant. The distillation was continued until no more water distilled and 
the solvent had a constant refractive index. At this point, while the solvent was still boiling, the ester 
was added, vigorous heating being continued to maintain the distillation. The zero point was taken 
when all the ester had been added and the thermometer at the top of the column was within 1° of the 
b. p. of the solvent. Fractions were collected at intervals, dry solvent replacing that distilled to maintain 
the volume constant. The temperature remained fairly constant within +0-2° but tended to fall 
towards the end of the experiment, but this could be overcome by increasing the flooding of the column, 
and hence the back pressure, by removing the shield. Practically all the results were obtained with 
$ mol. of alcohol and ester in } 1. of solution, but where the ratios were varied the b. p. elevation was 
not the same and it was necessary to adjust this to the standard temperature by varying the pressure in 
the system by changing the column packing. Although this is successful, if somewhat troublesome, yet 
it seriously limits the concentrations that can be used. 
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Table V gives the results for ethyl laurate and octan-l-ol at 1 mol./l. concentration in toluene, and 
shows the method of calculation, k being the unimolecular constant : k = (2-3/t) log 1 (1— #). 


TABLE V. 


Alcohol and ester = } mol., catalyst 0-55 g. (= 0-0025 mol.) in } 1. of solution (n?° of toluene 
= 1-4947, uncorr.). 


Alcohol, % 


Time, Temp. of Temp. of Distillate, (%), in 
mins. solution. vapour. g. nv. distillate. 10°. 
Alcohol and catalyst in : 
— 112° 110° — 1-4940 
_ 115 110 _— 1-4940 
—_ 116 110 — 1-4946 
Ester added : 
0 118-3 110 18-15 1-4925 (0-31 g. = 
0-007 mol.) 
7 118-2 109 8-25 1-4876 2-89 4-21 
14 118-1 110 10-8 1-4867 7-29 5-41 
21 118-0 110 10-85 1-4870 12-53 6-37 
30 118-3 110-5 19-4 1-4889 18-06 6-64 
4l 118-0 110-5 - 10-8 1-4850 23-11 6-40 
52 118-0 110 18-1 1-4884 28-47 6-45 
63 118-0 110-5 20-7 1-4895 33-43 6-46 
75 118-0 110-5 16-4 1-4882 38-44 6-47 
91 118-2 110-5 24-6 1-4900 43-70 6-31 


Rate of decay of catalyst. A much larger quantity of catalyst was used in a control experiment in 
order to be able to estimate more accurately the rate of disappearance. 55-5 G. of catalyst and 65 g. of 
octan-l-ol were heated in 500 ml. of toluene to 118° while water was removed azeotropically. After 
removal of water, a sample on titration with bromophenol-blue as indicator gave normality = 0-49 
(theory = 0-50). Further, 


after 3 hours, normality = 0-474, loss per hour = 1-:1% 
after 15 hours, normality = 0-394, loss per hour = 1-27%. 


Reference to Table I shows that this rate of decay is insignificant in respect to the total time. 

The same quantities of reagents were used with ethylbenzene as solvent at 145°. After 3} hours 509 
loss was observed, or approximately 14% per hour. This high rate of decay has been allowed for in 
Fig. 1 by applying the correction, cor, = ¥obs. (1 + at), where a is the rate of decay per minute. 

Variation of alcohol to ester vatio. The b. p. elevation due to the ester is about twice that due to the 
alcohol; consequently, some variation in procedure is necessary where the alcohol : ester ratio is varied. 
When using a deficiency of ester it is only necessary to use more packing in the column to obtain the 
required b. p., #.e., 118°. With quantities greater than 1 mol. of alcohol and ester, the minimum packing 
was used and a slight vacuum was applied to aid removal of the distillate and maintain the temperature 
at 118°. This manipulation is somewhat difficult and in consequence the error is somewhat greater. 

The results for the addition of the secondary alcohol to the alcoholysis system were obtained as 
follows. The ester, catalyst, and primary alcohol were maintained at constant concentration, and 
secondary alcohol added. With larger amounts of secondary alcohol it was necessary to counteract the 
elevation of the b. p. by the procedure given above. 

In the following table s is the fraction of secondary alcohol of the total alcohols, 7 is the ratio of the 


reaction velocity constant without addition to that obtained by adding the fraction s of secondary 
alcohol. 


B svesscescoce 0 0-01 0-047 0-143 0-25 0-333 0-444 0-5 
IPR | sccecccee 12-1 11-7 10-8 8-1 6-7 5-6 4:3 3-6 

1 ‘setavancsuae —_ 0-97 0-89 0-665 0-55 0-46 0-36 0-30 

Be esiccecsssec 0-015 0-0146 0-0132 0-010 0-0078 0-0063 0-0047 0-00375 
BB épntcesstuns _— 0-365 0-354 0-326 0-365 0-355 0-360 0-330 


Mean K = 0-35. 
Similarly for m-cresol, when s = 0-50, k = 8-2 x 10°, r = 0-68, a = cr = 0-0702, and K = 2-13. 
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4121. The Chemistry of Fungi. Part II. Derivatives of 
3 : 4-Dimethoxyphenol. 


By G. H. Jonss, J. B. D. MACKENZIE, ALEXANDER ROBERTSON, and W. B. WHALLEY. 


The syntheses of a number of coumarone, coumarin, and chromone derivatives from 3 : 4-di- 
Se required as reference compounds in the course of studies on the degradation of 
methyl O-dimethylcitromycetin and of O-dimethylcitromycin are described. The alkaline 
hydrolysis product C,,H,,0, from methyl O-dimethylcitromycetin (Hetherington and Raistrick, 
loc. cit.) is not identical with either 5 : 6-dimethoxy-2-acetylcoumaran-3-one (V), 4-hydroxy- 
6 : 7-dimethoxy-3-methylcoumarin (VII, R = Me), or 3-hydroxy-6 : 7-dimethoxy-2-methyl- 
chromone (VIII, R = Me; R, = OH). 


In the course of an analytical investigation on the structure of citromycetin in progress in these 
laboratories a number of degradation products have been isolated from O-dimethylcitromycin 
and methyl O-dimethylcitromycetin (Hetherington and Raistrick, Phil. Trans., 1931, B, 220, 
209), which contain the 3 : 4-dimethoxyphenol nucleus and in which the third oxygen atom of 
the latter residue is present in an ether system. The synthetical work described in the present 
communication was undertaken in the course of the definition of these derivatives. 

(A) Coumarone Derivatives—Prepared from 3: 4-dimethoxyphenol by the method of 
Hoesch, 2-hydroxy-4 : 5-dimethoxyacetophenone (I, R = H) was converted into the 3-methyl- 
coumarone (III, R=H) by way of the phenoxyacetic acid (II, R=H). By Gattermann’s 
aldehyde synthesis the 2-formylcoumarone (III, R = CHO) was obtained from (III, R = H), and 
the application of the Hoesch reaction to (III, R = H) furnished the corresponding 2-acetyl- 
coumarone (III, R = Ac). The orientations of the aldehyde (III, R = CHO) and of the ketone 
(III, R = Ac) follow from that of analogous compounds prepared by the same methods (/., 
1938, 306; 1939, 92 and 1594; and unpublished work). 

Formed from 3 : 4-dimethoxyphenol and chloromethyl cyanide by the Hoesch reaction, the 
w-chloro-ketone (I, R= Cl) gave 5: 6-dimethoxycoumaran-3-one on treatment with sodium 
acetate in boiling alcohol, whilst on being boiled in benzene containing potassium carbonate the 
acetate of (i, R=Cl) yielded 5 : 6-dimethoxy-2-acetylcoumaran-3-one (V). This convenient 
general procedure for the synthesis of 2-acetylcoumaran-3-ones type (V) was first described by 
von Auwers (Ber., 1910, 43, 2000) who suggested that the reaction probably proceeded by way 
of the intermediate diketone type (IV) which loses hydrogen chloride to give type (V). In view 
of the closely analogous formation of o-hydroxy-w-acetylacetophenones from o-acetoxyaceto- 
phenones observed by Baker (/J., 1933, 1381; 1940, 1370), it is now clear that von Auwers’s 
explanation is the correct one. 


Meo” OH MeoZ )O-CH,CO,R Meo7 R 

MeO CO-CH,R MeO !coMe MeO Me 
(I.) (II.) (III.) 

MeoZ H-COMe MeoZ 

MeO\ NCo-CHCI-CoMe O MeO y, 
“av, (V.) (VI) 


(B) Coumarin Derivatives—The easy condensation of 2-hydroxy-4 : 5-dimethoxybenz- 
aldehyde with ethyl acetoacetate in the presence of piperidine furnished the 3-acetylcoumaris 
(VI, R = Ac) in good yield. With aceturic acid under standard conditions the same aldehyde 
yielded 4-(2’-acetoxy-4’ : 5’-dimethoxybenzylidene)-2-methyloxazolone which on hydrolysis gave 
3-hydroxy-6 : 7-dimethoxycoumarin (VI, R = OH). 

Attempts to utilise the older methods of synthesis to prepare 4-hydroxy-6 : 7-dimethoxy- 
coumarin (VII, R = H) gave unsatisfactory results. Thus the condensation of cyanoacetic 
acid with 3: 4-dimethoxyphenol by the method of Hoesch gave the expected hetimine, but 
hydrolysis of this product was troublesome and meagre yields of the required 4-hydroxy- 
coumarin (VII, R = H) were obtained from it. Similarly, the interaction of 2-acetoxy-4 : 5- 
dimethoxybenzoyl chloride with ethyl sodio-malonate resulted in the formation ot ethyl 
4-hydroxy-6 : 7-dimethoxycoumarin-3-carboxylate (VII, R = CO,Et), but hydrolysis of this 
ester, which was accompanied by decarboxylation of the resulting acid, furnished only small 
amounts of (VII, R= H). Subsequently, when the general method of Boyd and Robertson 
for the synthesis of 4-hydroxycoumarins (J., 1948, 174) had been established, the compounds 
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(VII, R = H), (VII, R = Me), and (VII, R = Et) were prepared by this procedure from the 
requisite ketones (I, R = H), (I, R = Me), and (I, R = Et) in good yield. 

(C) Chromone and Chromanone Derivatives.—The condensation of ethyl formate with the 
ketone (I, R = H) at about —10° furnished an excellent yield of the formyl derivative (I, 
R = CHO) which on cyclisation yielded 6: 7-dimethoxychromone (VIII, R= H; R, =H). 
Similarly, 6 : 7-dimethoxy-2-methylchromone (VIII, R= Me; R,=H) was obtained from 
(I, R = H) by way of the diketone (I, R = Ac), whilst vigorous acetylation of (I, R = H) 
gave the 3-acetylchromone (VIII, R = Me; R, = Ac), from which the chromone (VIII, R = Me; 
R, = H) was obtained by removal of the C-acetyl group under standard conditions. 3-Hydroxy- 
6 : 7-dimethoxy-2-methylchromone (VIII, R= Me; R,=OH) was synthesised from two 
intermediates. Vigorous acetylation of w-chloro-2-hydroxy-4 : 5-dimethoxyacetophenone (I, 
R = Cl) with sodium acetate and acetic anhydride gave 3-acetoxy-6 : 7-dimethoxy-2-methyl- 
chromone (VIII, R= Me; R, = AcO), a reaction which clearly proceeds by way of the 
w-acetoxy-ketone (I, R = AcO). Deacetylation of (VIII, R = Me; R, = AcO) furnished the 
required chromonol. The second intermediate, the ketone (I, R = Ph’CO,), was prepared by 
condensation of benzoyloxymethyl] cyanide and 3 : 4-dimethoxyphenol according to the method 
of Hoesch. On vigorous acetylation with excess of acetic anhydride and sodium acetate the 
ketone (I, R = Ph°CO,) underwent cyclisation, and simultaneously the benzoyl group was 
replaced by acetyl, giving the 3-acetoxychromone (VIII, R= Me; R, = AcO) which on 
deacetylation yielded the chromonol (VIII, R = Me; R, = OH). 

For the synthesis of compounds of the type (VII, R = Ac) the method employed by Anschiitz 
(Annalen, 1906, 346, 286) for the preparation of 4-hydroxy-3-acetylcoumarin, the parent 
member of this series—viz., the interaction of an o-acetoxybenzoyl chloride with excess of ethyl 
sodio-acetoacetate in boiling ether—appears to have been the only procedure so far described. 
When 2-acetoxy-3 : 4-dimethoxybenzoyl chloride was employed in this reaction only a small 
amount of a condensation product P, m. p. 250°, having the empirical formula, C,,;H,,O,, of the 
expected coumarin (VII, R = Ac), was obtained, and consequently we investigated other 
possible routes to this type of compound. It was found that, whilst the condensation of the 
diketone (I, R = Ac) with ethyl carbonate by means of sodium gave only a poor yield of substance 
P, the interaction of the disodio-derivative of the diketone (I, R = Ac) with carbonyl chloride in 
a benzene—toluene medium provided a more satisfactory yield of the substance P in a relatively 
pure condition. Clearly the synthetical procedures employed could give rise to either the 
3-acetylcoumarin (VII, R= Ac) or the chromone-3-carboxylic acid (VIII, R= Me; 
R, = CO,H), e.g., the intermediate (IX) formed in the Anschiitz procedure could cyclise to give 
either (VII, R = Ac) or (VIII, R = Me; R, = CO,H), and on account of the strongly acidic 
properties exhibited by 4-hydroxycoumarins it is not easy to distinguish between the two types 
of compound. 


MeoZ O OE Meo/ yOAc COMe \°cH, 
MeO R Age MeO\ /C H-COEt H-COMe 
H Oo oO 

(VII.) (VIILI.) q (IX.) (X.) 


In the course of a detailed examination of P it was found that, like the authentic 4-hydroxy- 
coumarins synthesised in the course of the present investigation, the substance was acidic, 
dissolving readily in aqueous sodium hydroxide or sodium carbonate and, more slowly, in 
aqueous sodium hydrogen carbonate. With ethereal diazomethane, P furnished mainly a 
resinous product together with traces of alkali-insoluble crystalline material. Hydrolytic 
fission of P with boiling aqueous sodium hydroxide gave acetone, acetic acid, the ketone (I, 
R = H), and 2-hydroxy-4 : 5-dimethoxybenzoic acid, which are the decomposition products 
expected from both the coumarin (VII, R=Ac) and the chromone (VIII, R= Me; 
R, = CO,H). In addition, a small amount of 4-hydroxy-6 : 7-dimethoxycoumarin was 
obtained. On the other hand, compound P did not react with 2 : 4-dinitrophenylhydrazine 
whereas 3-acetyl-, 3-acetyl-6-methyl-, and 7-methoxy-3-acetyl-4-hydroxycoumarin have been 
found to form 2 : 4-dinitrophenylhydrazones readily (private communication from Mr. G. G. 
Badcock of this laboratory). The substance P reacts smoothly with piperonal in the presence 
of alcoholic sodium ethoxide to give a typical yellow styryl derivative, a reaction characteristic 
of 2-methylchromones, and, although 4-hydroxy-3-acetylcoumarins could presumably condense 
with a reactive aldehyde under similar conditions, this reaction has not been found to take place 
under the conditions employed (Joc. cit.). Attempts to establish the presence of a carboxyl 
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group by submitting P to decarboxylation procedures were unsuccessful. Under these 
conditions the compound underwent deep-seated decomposition, and the expected 6: 7-di- 
methoxy-2-methylchromone (VIII, R = Me; R, = H) was not obtained. From the fact that 
P readily forms a styryl derivative but does not appear to contain a reactive carbonyl group we 
are of the opinion that it is clearly 6 : 7-dimethoxy-2-methylchromone-3-carboxylic acid (VIII, 
R = Me; R, = CO,H) and not the expected isomeric coumarin. The synthesis of this group 
of compounds and of the isomeric coumarins type (VII, R = Ac) is being further investigated ; 
in the course of numerous experiments on the condensation of the diketone (I, R = Ac) with 
ethyl carbonate by means of sodium a mixed product was obtained in two experiments which 
gave a small amount of a 2 : 4-dinitrophenylhydrazone, indicating the presence of (VII, R = Ac) 
in the reaction mixture. 

' In connection with the allocation of the chromone structure (VIII, R = Me; R, = CO,H) 
to P it may be noted that the isolation of small amounts of (VII, R = H) from the alkaline 
hydrolysate of P might seem to support the coumarin structure (VII, R = Ac). The formation 
of (VII, R = H) can, however, be reconciled with the chromone structure and clearly takes 
place by the opening of the chromone ring and subsequent loss of a C-acetyl group, thus giving 
2-hydroxy-4 : 5-dimethoxybenzoylacetic acid which on acidification of the alkaline solution 
readily undergoes cyclisation with the formation of 4-hydroxy-6 : 7-dimethoxycoumarin (VII, 
R = H). 

In the course of experiments on the condensation of the diketone (I, R = Ac) and ethyl 
orthoformate by means of acetic anhydride it was found that when the reaction was carried out 
at 160° with 2 mols. of ester and 1°5 moles of anhydride the only product isolated was 6 : 7-di- 
methoxy-3-acetylchromone (VIII, R = H; R, = Ac), in which the presence of a reactive carbonyl 
group was demonstrated by the formation of a 2 : 4-dinitrophenylhydrazone. In experiments 
with a lower proportion of ester and a higher proportion of anhydride, e.g., with 1 mol. of ester 
and 2 mols. of anhydride at 150°, the orthoformic ester did not take part in the reaction and 
the only product obtained was 6: 7-dimethoxy-3-acetyl-2-methylchromone (VIII, R = Me; 
R, = Ac). The exact conditions determining the course of these condensations have not been 
elucidated, but further work on this topic is in progress. 

The condensation of 6 : 7-dimethoxychroman-4-one with ethyl acetate by means of sodium 
methoxide or of the sodio-derivative of the chromanone with acetyl chloride gave rise to 
6 : 7-dimethoxy-3-acetylchroman-4-one (X). 

In their studies on the degradation of methyl O-dimethylcitromycetin, Hetherington and 
Raistrick (loc. cit.) obtained a compound C,,H,,0, as a product of alkaline hydrolysis which they 
suggested might be either the chromonol (VIII, R = Me; R, = OH) or the 4-hydroxycoumarin 
(VII, R = Me) (formulated in the enolic form). Direct comparison has shown that this 
degradation product is not identical with the chromonol (cf. Healey and Robinson, J., 1934, 
1625), the 4-hydroxycoumarin, or the isomeric 2-acetylcoumaranone (V). 


EXPERIMENTAL. 


2-Hydroxy-4 : 5-dimethoxyacetophenone (I, R = H).—Condensation of 3 : 4-dimethoxyphenol (5 g.) 
with methyl cyanide (5 ml.) by means of zinc chloride (5 g.) and excess of hydrogen chloride in the course 
of 24 hours and subsequent hydrolysis of the resulting ketimine with water (150 ml.) on the steam-bath 
for 4 hour gave the ketone (I, R = H) asa brown solid. This substance was purified by distillation in a 
vacuum, b. p. 125°/0-004 mm., and then formed colourless prisms (3 g.), m. p. 112°, from methanol, 
soluble in benzene, warm ethyl] acetate, or ether, and giving a deep blue ferric reaction in alcohol which 
changes to green on the addition of water (Found : C, 61-5; H, 6-3. Calc. forC,),H,,0,: C, 61-2; H, 6-1%). 
The compound forms a 2 : 4-dinitrophenylhydrazone which separates from ethyl] acetate in scarlet needles, 
m. p. 228° (decomp.) (Found: C, 51-2; H, 4:4; N, 14:8. C,,H,,0,N, requires C, 51-1; H, 43; 
N, 149%) (cf. Smith and Haller, J. Amer. Chem, Soc., 1934, 56, 237). 

5 : 6-Dimethoxy-3-methylcoumarone (III, R = H).—Interaction of the foregoing ketone (5 g.) and 
ethyl bromoacetate (5 g.) in boiling acetone (50 ml.) containing potassium carbonate during 12 hours 
with subsequent filtration and evaporation of the acetone liquors gave ethyl 4 : 5-dimethoxy-2-acetyl- 
phenoxyacetate (II, R = Et) which crystallised from aqueous acetone in hexagonal prisms (7 g.), m. p. 
132—133°, soluble in acetone, alcohol, or benzene (Found: C, 59-4; H, 6-5. C,,H,,O, requires C, 
59-6; H, 6-4%). Hydrolysis of this ester (5 g.) with a solution of potassium hydroxide (5 g.) in alcohol 
(40 ml.) and water (60 ml.) on the steam-bath followed by evaporation of the greater part of the alcohol 
in a vacuum and acidification of the residue with dilute hydrochloric acid furnished 4 : 5-dimethoxy-2- 
acetylphenoxyacetic acid (II, R = H), forming colourless prisms (4-3 g.), m. p. 209°, from aqueous 
alcohol. A mixture of this acid (4 g.), sodium acetate (10 g.), and acetic anhydride (30 ml.) was kept at 
160° for 3 hour and then poured into water (200 ml.). After the anhydride had decomposed the product 
was collected, washed with aqueous sodium hydrogen carbonate and then water, dried, and distilled in a 
vacuum. Recrystallisation of the distillate, b. p. 125°/0-004 mm., from 80% acetic acid gave the 
coumarone (III, R = H) in colourless plates (2-8 “. m. p. 99°, exhibiting a green sulphuric acid reaction 
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which when the mixture was warmed became pink and then red (Found: C, 68-6; H, 6-5. C,,H,,0, 
requires C, 68-8; H, 6-3%). This substance is readily soluble in the usual organic solvents except light 
petroleum and cold ether. 

2-Formyl-5 : 6-dimethoxy-3-methylcoumarone (III, R = CHO).—A solution of the foregoing coumarone 
(4 g.) in ether (100 ml.), containing hydrogen cyanide (10 ml.), was saturated with hydrogen chloride in 
the course of 4 hours, and next day the light green aldimine was collected, well washed with ether, and 
dissolved in water (100 ml.). This strongly acid solution was rendered only faintly acid to Congo-red 
by addition of aqueous sodium hydrogen carbonate and then heated on the steam-bath for 20 minutes. 
Next day the resulting aldehyde was collected and crystallised from aqueous alcohol, forming rhombic 
plates (4 g.), m. p. 119° (Found : C, 65-5; H, 5-4. C,H 1,0, requires C, 65-5; H,5-5%). With sulphuric 
acid this compound gave an orange coloration which when the mixture was warmed became deep red 
and finally green. The oxime separated from dilute alcohol in plates, m. p. 184—185° (Found: N, 5-7. 
C,,H,;0,N requires N, 6-0%). 

5 : 6-Dimethoxy-2-acetyl-3-methylcoumarone (III, R = Ac).—Condensation of 5 : 6-dimethoxy-3- 
methylcoumarone (2 g.) with methyl cyanide (2 ml.) by means of zinc chloride (2 g.) and excess of hydrogen 
chloride in ether (100 ml.) during 24 hours followed by hydrolysis of an aqueous solution of the resulting 
ketimine (100 ml.) which had been almost neutralised by the addition of aqueous sodium hydrogen 
carbonate, on the steam-bath for 4 hour, gave rise to a solid from which the ketone was isolated by 
repeated extraction with boiling light petroleum (b. p. 40—60°) and evaporation of the combined extracts. 
Crystallised from aqueous alcohol, the compound formed colourless rod-like prisms (1-5 g.), m. p. 127°, 
having a yellow sulphuric acid reaction which became deep red when the mixture was warmed (Found : 
C, 66-4; H, 5-7. C,,H,,O, requires C, 66-6; H, 6-0%). 

w-Chloro-2-hydroxy-4 : 5-dimethoxyacetophenone (I, R = Cl).—Condensation of 3 : 4-dimethoxyphenol 
(10 g.) and chloromethyl! cyanide (5-4 ml.) was effected in ether (250 ml.) with zinc chloride (12 g.) and 
excess of hydrogen chloride in the course of 24 hours. After having been well washed with ether to 
remove hydrogen chloride the resulting ketimine was hydrolysed with water (250 ml.) on the steam-bath 
for 20 minutes, giving the chloro-ketone as a light brown solid which separated from alcohol in pale 
straw-coloured prisms (7 g.), m. p. 154—155°, and gave a green coloration with alcoholic ferric chloride 
(Found: C, 51-9; H, 5-0; Cl, 15-7. C,gH,,0,Cl requires C, 52-1; H, 4-8; Cl, 15-4%). The 2: 4-di- 
nitrophenylhydrazone formed thick crimson prisms, m. p. 210° (decomp.), from alcohol (Found : N, 13-7. 

This ketone could not be acetylated by the pyridine method or by means of acetyl chloride on the 
sodium salt, but, on being boiled with excess of commercial acetyl chloride for 30 minutes with subsequent 
decomposition of the unchanged chloride with ice—water, it gave an almost quantitative yield of the 
acetate which separated from alcohol in colourless needles, m. p. 141°, having a negative ferric reaction 
(Found: Cl, 13-0. C,,H,,0,Cl requires Cl, 13-0%). The use of commercial acetyl chloride readily 
furnished the acetate, but absolute acetyl chloride did not affect acetylation. The presence of hydrogen 
chloride in the reaction mixture appeared to be essential for success. 

5 : 6-Dimethoxy-2-acetylcoumaran-3-one (V).—A solution of the foregoing acetate (1-4 g.) in benzene 
containing potassium carbonate (6 g.) was refluxed for 8 hours, and next day the mixed potassium salts 
were collected, washed with ether, and dissolved in water. Acidification of the resulting reddish solution 
with dilute sulphuric acid gave a precipitate of the coumaranone (0-5 g.) which, on recrystallisation from 
alcohol, formed e yellow prisms, m. p. 181°, having a red-brown ferric reaction (Found: C, 60-9; 
H, 5-2. C,,H,,O, requires C, 61-0; H, 5-1%). A solution of this compound (0-5 g.) in 2n-sodium 
hydroxide (10 ml.) was vigorously agitated with benzoyl chloride (0-5 ml.), and the benzoate of the enolic 
form, 3-hydroxy-5 : 6-dimethoxy-2-acetylcoumarone, separated as a crystalline mass. Recrystallised 
from alcohol, this derivative formed colourless needles, m. p. 162°, having a negative ferric reaction in 
rpg Eyre — in aqueous sodium hydroxide (Found: C, 67-1; H, 4-7. C, .H,,O, requires C, 

71; H, 47%). 

When w-chloro-2-hydroxy-4 : 5-dimethoxyacetophenone (1 g.) was refluxed in alcohol (20 ml.) 
containing sodium acetate (1 g.) for 20 minutes, an almost theoretical yield of 5 : 6-dimethoxy- 
coumaran-3-one was obtained, which formed pale cream coloured needles, m. p. 169°, from alcohol, 
sparingly soluble in the usual organic solvents except hot alcohol or ethyl acetate (Found: C, 61-7; 
H, 5-0. CH, ,O, requires C, 61-9; H,5-2%). The interaction of the coumaranone (0-3 g.) and piperonal 
(0-5 g.) in a mixture of alcohol (5 ml.) and 10% aqueous sodium hydroxide (2 ml.) on the steam-bath for 
4 hour gave the piperonylidene derivative, which separated from acetic acid in yellow needles (0-5 g.), 
m. p. 260° (Found : C, 66-3; H, 4-0. C,,H,,O, requires C, 66-3; H, 43%). 

6 : 7-Dimethoxydihydrocoumarin.—On being kept at 180° for 8 hours, a mixture of 2-acetoxy-4 : 5- 
dimethoxybenzaldehyde (5-5 g.), sodium acetate (5-5 g.), and acetic anhydride (5 ml.) gave O-dimethyl- 
zsculetin which, on being purified by sublimation at 170°/1 mm., and then by crystallisation from 
alcohol, formed needles (2-5 g.), m. p. 144°, identical with a specimen (5 g.) prepared by the methylation 
of zsculetin (5 g.) from natural sources by the methyl iodide—potassium carbonate method (cf. Tiemann 
and Will, Ber., 1882, 15, 2075). 

A solution of the di-sodium derivative of 2-hydroxy-4 : 5-dimethoxycinnamic acid was prepared by 
agitating a mixture of O-dimethylesculetin (1 g.), warm alcohol (20 ml.), and 25% aqueous sodium 
hydroxide (2 ml.) until a test sample did not show an opalescence on being diluted with water. After 
the addition of water (50 ml.) this salt was hydrogenated in situ with hydrogen and a palladium-charcoal 
catalyst (from 1 g. of charcoal and 0-1 g. of palladium chloride), the catalyst was removed, dilute 
hydrochloric acid (sufficient to neutralise the aqueous sodium hydroxide originally used) was then added, 
and the aqueous liquor evaporated at 40°/14 mm. A hot extract of the residue in ethyl acetate—light 
petroleum (b. p. 60—80°) on cooling deposited B-2-hydroxy-4 : 5-dimethoxyphenylpropionic acid in slender 
prisms (0-6 g.), m. p. 100°, ere gp to 118° having been dried in a vacuum at room temperature, 
readily soluble in ether, alcohol, or — sodium hydrogen carbonate (Found: C, 58-2; H, 6-2. 
C,,H,,0, requires C, 58-4; H, 6-2%). is compound was converted into the dihydrocoumarin by being 
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kept at 150° until the vigorous evolution of water had subsided. The product was purified by sublimation 
at 0-1 mm. and then by crystallisation from light petroleum (b. p. 60—80°), forming rosettes of colourless 
needles (0-7 g.), m. p. 79°, readily soluble in alcohol, benzene, or ethyl acetate (Found: C, 63-2; H, 6-0. 
C,,H,,0, requires C, 63-5; H, 5°8%). 

6 : 7-Dimethoxy-3-acetylcoumarin (VI, R= Ac).—To a mixture of 2-hydroxy-4 : 5-dimethoxy- 
benzaldehyde (2 g.) and excess of ethyl acetoacetate, piperidine (0-5 ml.) was added with cooling to keep 
the temperature of the mixture below room temperature. 24 Hours later the resulting 3-acetylcoumarin 
was isolated and crystallised from ethyl acetate, forming golden prisms, m. p. 234°, which have a negative 
ferric reaction in alcohol (Found: C, 62-6; H, 4-8. C,,;H,,O, requires C, 62-9; H, 48%). The 2: 4- 
dinitrophenylhydrazone separated from alcohol, chloroform, or dioxan in brownish-red, felted needles, 
m. p. 280° (decomp.) (Found: N, 13-1. C,,H,gO,N, requires N, 13-1%). 

3-Hydroxy-6 : 7-dimethoxycoumarin (VI, R= OH).—A mixture of 2-acetoxy-4: 5-dimethoxy- 
benzaldehyde (1 g.), aceturic acid (1 g.), sodium acetate (1 g.), and acetic anhydride (5 ml.) was heated 
on the steam-bath for 1} hours, cooled, and treated with water. Next day the azlactone was isolated and 
purified from ethyl acetate, forming bright yellow needles (0-6 g.), m. p. 181° (Found: N,4-2. C,,H,,O,N 
requires N, 4:6%). Hydrolysis of this compound (1 g.) with boiling 2N-hydrochloric acid (25 ml.) for 
3 hours gave 3-hydroxy-6 : 7-dimethoxycoumarin, which separated from the cooled hydrolysate and on 
isolation was purified by crystallisation from alcohol, forming colourless elongated prisms (0-4 g.), m. p. 
220°, giving a green ferric reaction in alcohol (Found: C, 59-6; H, 4:3. C,,H,,O, requires C, 59-5; 
H, 4:1%). 

Me(Py lation of this coumarin (0-75 g.) in methanol (10 ml.) with excess of ethereal diazomethane 
gave the methyl ether (0-7 g.), which separated from methanol in rosettes of colourless needles, m. p. 146°, 
insoluble in aqueous sodium carbonate and having a negative ferric reaction (Found: C, 60-8; H, 4-9. 
C,,H,,0, requires C, 61-0; H, 5-1%). 

4-Hydroxy-6 : 7-dimethoxycoumarin (VII, R = H).—(a) A mixture of 2-hydroxy-4 : 5-dimethoxy- 
acetophenone (1 g.), ethyl carbonate (20 ml.), and powdered sodium (0-35 g.) was heated on the steam-bath 
with occasional shaking for 4 hour, the cooled mixture was diluted with ether (200 ml.), and the resulting 
granular precipitate of the sodium salt of 4-hydroxy-6 : 1-dimethoxycoumarin was collected, drained, and 
dissolved in water (100 ml.). Acidification of this solution with hydrochloric acid gave colourless prisms 
(0-9 g.), m. p. 278 (decomp.), from alcohol, having a very pale brown ferric reaction darkening slightly 
on warming (Found: C, 59-2; H, 4-4. C,,H,)O, requires C, 59-5; H, 45%). This coumarin, which is 
moderately soluble in acetone and sparingly soluble in ethyl acetate or chloroform, is readily soluble in 
aqueous sodium hydrogen carbonate with the evolution of carbon dioxide. 

(6) When a mixture of 3 : 4-dimethoxyphenol (5 g.), cyanoacetic acid (3 g.), anhydrous zinc chloride 
(10 g.), and ether (50 ml.) was slowly saturated with hydrogen chloride a dark oil gradually separated. 
Next day excess of ether was added, the solvent decanted, and the residual oil well washed with fresh 
solvent. On being kept, a solution of this product in water (200 ml.) slowly deposited the ketimine in 
needles, m. p. 238°, after purification from alcohol (Found: N, 6-7. C,,H,,0,N requires N, 6-3%). 
When a mixture of this compound (1 g.) and 50% sulphuric acid (10 g.) was heated on the steam-bath 
for 2-5 hours and then diluted with an equal volume of water a precipitate of the crude coumarin slowly 
separated. Repeated crystallisation from acetone (charcoal) gave the compound as colourless prisms, 
m. p. and mixed m. p. 278° (decomp.) (Found: C, 58-8; H, 4:4%). 

When the ketimine (0-5 g.) was subjected to hydrolysis with 10% aqueous sodium hydroxide (15 ml.) 
on the steam-bath until the evolution of ammonia had ceased (1-5 hours) and the hydrolysate acidified 
with hydrochloric acid and cooled, a small yield of crude 4-hydroxycoumarin gradually separated, m. p. 
278°, after purification. 

Acetylation of 4-hydroxy-6 : 7-dimethoxycoumarin (1 g.) with pyridine (2 ml.) and acetic anhydride 
(5 ml.) at 100° for 4 hour gave the acetate which formed straw-coloured needles, m. p. 242°, from ethyl 
acetate (Found: C, 58-8; H, 4-5. C,3H,,0, requires C, 59-1; H, 45%). 

Methylation of 4-hydroxy-6 : 7-dimethoxycoumarin (0-5 g.), dissolved in chloroform (10 ml.), with 
an excess of ethereal diazomethane gave 4:6: 7-trimethoxycoumarin (0-5 g.) which formed rosettes 
of colourless needles, m. p. 202°, from aqueous alcohol, insoluble in aqueous sodium carbonate 
(Found: C, 61-0; H, 5-2. C,.H,,0, requires C, 61-0; H, 5-1%). Methylation of the compound 
by the methyl iodide—potassium carbonate method yielded the same methyl ether, m. p. and mixed 
m. p. 202°. 

Ethyl 4-Hydroxy-6 : 7-dimethoxycoumarin-3-carboxylate (VII, R = CO,Et).—2-Acetoxy-4 : 5-dimeth- 
oxybenzoic acid (Head and Robertson, J., 1931, 32) (4-8 g.) was suspended in cooled anhydrous 
chloroform (50 ml.) and converted into the acid chloride by gradual addition of phosphorus pentachloride 
(4-2 g.), and, after completion of the reaction, the solvent and phosphorus oxychloride were removed in a 
vacuum. ‘To remove the remaining traces of phosphorus oxychloride more chloroform (25 ml.) was added 
to the residue and the evaporation process repeated. Finally, to ensure complete removal of remaining 
traces of phosphorus oxychloride and solvent, the product was kept in a vacuum at 100° for 10 minutes. 
On cooling, the unstable acid chloride was obtained as a yellowish solid and was sufficiently pure for the 
next stage. 

Ethyl sodio-malonate was prepared from the ester (7-7 g.) and powdered sodium (1-1 g.) in ether 
(45 ml.), and the foregoing acid chloride (from 4 g. of acid) introduced. The mixture was then refluxed 
for 16 hours, the solid was collected and dissolved in water, unchanged ester was removed by means of 
ether, and the aqueous liquor was acidified (Congo-red) with concentrated hydrochloric acid. Crystal- 
lised from 95% alcohol, the resulting ethyl 4-hydroxy-6 : 7-dimethoxycoumarin-3-carboxylate formed 
colourless needles (3-5 g.), m. p. 240°, readily soluble in acetone or chloroform and in aqueous sodium 
hydrogen carbonate (Found : C, 57-4; H, 4-7. C,,H,,O, requires C, 57-1; H, 48%). On methylation 
with ethereal diazomethane this compound was quantitatively converted into the methyl ether which 
separated from aqueous alcohol in long needles, m. p. 130°, insoluble in aqueous sodium hydrogen 
carbonate (Found: C, 58-2; H, 5-3. C,,H,,O, requires C, 58-4; H, 5-2%). 
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Attempts to convert this ester into 4-hydroxy-6 : 7-dimethoxycoumarin by means of warm sulphuric 
acid were unsuccessful, but, when the ester was heated with a little 10% aqueous sodium hydroxide on 
the steam-bath for 10 minutes and the cooled mixture acidified, a small yield of the required crude 
substance was obtained. Crystallised from alcohol this material gave 4-hydroxy-6 : 7-dimethoxy- 
coumarin, m. p. and mixed m. p. 278° (decomp.), identical with an authentic specimen. 

4-Hydroxy-6 : 7-dimethoxy-3-methylcoumarin (VII, R = Me).—The condensation of 3 : 4-dimethoxy- 
ey (5 g.) with ethyl cyanide (2-4 g.) by means of zinc chloride (10 g.) gave an oily product which on 

ing isolated was washed with ether and dissolved in water (200 ml.). The solution was almost 
neutralised (faintly acid to Congo-red) by the addition of sodium hydrogen carbonate, and then heated 
on the steam-bath for 45 minutes. 2-Hydroxy-4 : 5-dimethoxypropiophenone separated from the cooled 
mixture and on isolation crystallised from methanol in almost colourless acodies (1:1 g.), m. p. 125°, 
having a dark green ferric reaction in alcohol (Found: C, 62-5; H, 6-4. C,,H,,O, requires C, 62-6; 
H, 6-7%). The 2 : 4-dinitrophenylhydrazone formed crimson needles, m. p. 231° (decomp.) from ethyl 
acetate (Found: N, 14:7. C,,H,,0,N, requires N, 14-4%). 

Interaction of this ketone (0-5 g.) with ethyl carbonate (70 ml.) in the presence of powdered sodium 
(0-5 g.) on the steam-bath for 1-5 hours gave rise to the sodio-derivative of the 4-hydroxy-6 : 7-dimethoxy- 
3-methylcoumarin which was precipitated by the addition of excess of ether, collected and decomposed 
with dilute hydrochloric acid. On isolation this coumarin separated from alcohol in colourless prisms, 
m. P. 273°, having a negative ferric reaction in alcohol and being readily soluble in aqueous sodium 
hydrogen carbonate (Found: C, 61-0; H, 5-1. C,,H,,0, requires C, 61-0; H, 5-1%). 

Methylation of 4-hydroxy-6 : 7-dimethoxy-3-methylcoumarin (0-25 g.), dissolved in a little chloroform, 
with an excess of ethereal diazomethane gave the methyl ether which formed silky needles, m. p. 150°, from 
aqueous methanol (Found: C, 62-5; H, 5-8. C,,H,,0, —— C, 62-4; H, 5-6%). 

4-Hydroxy-6 : 7-dimethoxy-3-ethylcoumarin (VII, R = Et).—By means of n-propyl cyanide in place 
of ethyl cyanide, 2-hydroxy-4 : 5-dimethoxy-u-butyrophenone was prepared according to the method 
employed for the analogous propiophenone. The crude ketone, which contained quantities of a dark 
oily tar, became semi-solid in course of 14 days, and after having been drained on tile, was repeatedly 
crystallised from dilute alcohol, forming colourless needles (0-35 g.), m. p. 81°, which gave a blue-green 
ferric reaction in alcohol. The condensation of this substance (0-25 g.) with ethyl carbonate (7 ml.) by 
means of sodium (0-3 g.) followed by the isolation of the product in the usual manner gave 4-hydroxy- 
6 : 7-dimethoxy-3-ethylcoumarin (VII, R = Et) which formed colourless needles, m. p. 262°, from alcohol, 
having a negative ferric reaction and readily soluble in aqueous sodium hydrogen carbonate (Found : 
c. 62-6; H, 5-6. C,3H,,0; T uires Cc, 62-4; H, 56%). 

6: 7-Dimethoxychromone (VIII, R= R,=H).—A _ solution of 2-hydroxy-4: 5-dimethoxy- 
acetophenone (1-8 g.) in ethyl formate (10 ml.), cooled to —10°, was mixed with pulverised sodium 
(0-6 g.), and the mixture kept at this temperature for 2 hours and then at room temperature for 24 hours. 
After addition of methanol (2 ml.) to destroy traces of unchanged sodium followed by ice—water (20 ml.), 
the mixture was acidified with acetic acid and the excess of ethyl formate removed by a current of air. 
Crystallisation of the resulting solid from water gave the formyl-ketone in colourless needles (1-7 g.), m. p. 
159°, readily soluble in alcohol or benzene and having a green ferric reaction in alcohol (Found: C, 58-8; 
H, 5-1. C,,H,,0, requires C, 58-9; H, 5-4%). When a mixture of this ketone (1 g.), alcohol (10 ml.), 
and concentrated hydrochloric acid (6 drops) was boiled for 1 minute and cooled, 6: 7-dimethoxy- 
chromone separated, and on crystallisation from carbon tetrachloride formed pale yellow prisms (0-7 g.), 
m. e 163°, soluble in benzene or ethyl acetate and sparingly soluble in alcohol (Found: C, 63-9; H, 4-8. 
Cy, 100 requires Cc, 64:1; H, 49%). 

6 : 7-Dimethoxy-2-methylchromone (VIII, R= Me, R, = H).—Interaction of 2-hydroxy-4 : 5-di- 
methoxyacetophenone (1-5 g.) and ethyl acetate (15 ml.) was effected with sodium methoxide (from 0-5 g. 
of sodium) on the steam-bath for 5 hours. The cooled mixture was treated with ice—water, and acidified 
with acetic acid, and next day 2-hydroxy-4 : 5-dimethoxybenzoylacetone (I, R = Ac) was collected and 
crystallised from light petroleum (b. p. 80—100°), forming slender yellow prisms, and then from dilute 
alcohol, being finally obtained in colourless needles (1-2 g.), m. p. 109°, having a green ferric reaction in 
alcohol (Found: C, 60:3; H, 5-9. C,,H,,0O, requires C, 60-5; H, 5-9%). This compound, which is 
readily O° /001 in the usual organic solvents except light petroleum, distilled unchanged in a high vacuum, 
b. p. 130°/0-01 mm. 

Cyclisation of the diketone (1 g.) in boiling alcohol (10 c.c.) containing 6 drops of concentrated 
hydrochloric acid gave 6: 7-dimethoxy-2-methylchromone, which on isolation with ether separated 
from light petroleum (b. p. 80—100°) in colourless prisms (0-7 g.), m. p. 149°, readily soluble in alcohol, 
ether, or benzene (Found: C, 65-7; H, 5-3. C,,H,,0, requires C, 65-5; H, 5-5%). Interaction of this 
chromone (0-5 g.) with piperonal (0-4 g.) in alcohol containing sodium ethoxide (from 0-3 g. of sodium) 
on the steam-bath for ~ sour furnished 6 : 7-dimethoxy-2-(3’ : 4’-methylenedioxystyryl)chromone which 
separated from alcohol in yellow rhombic prisms (0-5 g.), m. p. 212° (Found: C, 68-0; H, 4-4. C,9H,,O, 
requires C, 68-2; H, 4-59). 

6 : 7-Dimethoxy-3-acetyl-2-methylchromone (VIII, R = Me; R, = Ac).—A mixture of 2-hydroxy- 
4 : 5-dimethoxyacetophenone (2 g.), sodium acetate (2-6 g.), and acetic anhydride (16 ml.) was kept at 
180° (oil-bath) for 12 hours, cooled, and mixed with water (100 ml.). Crystallisation of the product from 
aqueous alcohol gave the 3-acetyl-chromone in colourless prisms (1-5 g.), m. p. 193° (Found: C, 64-2; 
H, 5-3. C,,H,,O, requires C, 64-1; H, 5-3%). The 2 : 4-dinitrophenylhydrazone formed crimson needles, 
m. p. 240°, from alcohol (Found: N, 12:9. C,. 9H,,0,N, requires N, 12-7%). 


When 6 : 7-dimethoxy-3-acetyl-2-methylchromone (1 g.) was boiled for 8 hours with 2N-aqueous 
sodium carbonate (100 ml.) and the cooled mixture acidified with hydrochloric acid, a pale brown solid 
was obtained which appeared to be a mixture of 6: 7-dimethoxy-2-methylchromone and the parent 
2-hydroxy-4 : 5-dimethoxy-w-acetylacetophenone. A solution of this material in a little alcohol 
containing 2 drops of concentrated hydrochloric acid was refluxed for 2 minutes, the solvent evaporated, 
and the residue crystallised from light petroleum (b. p. 60—80°), giving 6 : 7-dimethoxy-2-methyl- 
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chromone in colourless prisms (0-5 g.), which on repeated purification had m. p. 149°, identical with an 
authentic specimen. 

6 : 7-Dimethoxy-3-acetylchromone (VIII, R=H; R, = Ac).—A mixture of 2-hydroxy-4: 5-di- 
methoxybenzoylacetone (I, R = Ac) (1 g.), ethyl orthoformate (1-25 g., 2 mols.), and acetic anhydride 
(0-5 g., 1-5 mols.) was kept at 160° for 45 minutes, cooled, and treated with water (50 ml.). Next day the 
solid was collected and crystallised from alcohol, giving 6 : 7-dimethoxy-3-acetylchromone in colourless 
needles (0-5 g.) which on recrystallisation had m. p. 166°, sparingly soluble in benzene, moderately 
soluble in ethyl acetate, and insoluble in light petroleum or aqueous sodium hydroxide (Found : C, 62-7; 
H, 4:7. C,;H,,0O, requires C, 62-9; H, 48%). The 2: ee ee separated from glacial 
acetic acid in orange needles, m. p. 261 (Found: N, 12-9. C,,H,,O,N, requires N, 13-1%). 

When a mixture of the diketone (1 g.), ethyl orthoformate (0-6 g., 1 mol.), and acetic anhydride 
(0-7 g., 2 mols.) was kept at 150° for an hour and then treated with water the product was obtained in 
light brown needles (0-5 g.). Recrystallised from light petroleum (b. p. 80—100°) and then from dilute 
alcohol, this product gave 6 : 7-dimethoxy-3-acetyl-2-methylchromone in colourless needles, m. p. 193°, 
undepressed on admixture with an authentic specimen (Found: C, 64-2; H, 5-3%). 

2-Hydroxy-w-benzoyloxy-4 : 5-dimethoxyacetophenone (I, R = Ph°CO,) (with F. M. DEan).—A solution 
of 3: 4-dimethoxyphenol (10 g.) and benzoyloxymethyl cyanide (Aloy and Rabaut, Bull. Soc. chim., 
1913, 18, 457) (7-8 g.) in ether (120 ml.) kept at 0° was saturated with hydrogen chloride, and next day 
the green crystalline mass was isolated, well washed with ether, and heated with water (100 ml.) on the 
steam-bath for 1 hour. 24 Hours later the oily layer was separated, and on being mixed with a little 
methanol gave the crystalline ketone which then formed colourless prisms (3-4 g.), m. p. 128°, from the 
same solvent, readily soluble in 2N-sodium hydroxide, and giving a green ferric reaction in alcohol 
(Found: C, 64-1; H, 4:6. Cj ,,H,,.O, requires C, 64-6; H, 5-1%). The 2: 4-dinitrophenylhydrazone 
formed reddish-brown needles from alcohol or ethyl acetate, m. p. 206° (decomp.) (Found: C, 55-4; 
H, 3-9; N, 11-4. C,3H  0,N, requires C, 55-6; H, 4-0; N, 11-3%). 

Acetylation of the ketone (1 g.) with acetic anhydride (1 ml.) and pyridine (5 ml.) on the steam-bath 
for 10 minutes gave the acetate which separated from 90% ethanol in long needles having a negative 
ferric reaction, m. p. 128° (Found: C, 64-1; H, 5-3. C,,H,,O, requires C, 63-7; H, 5-0%). A mixture 
of this derivative and the parent ketone melted at 106—116°. 

Evaporation of the alcoholic liquors from the above ketone left a small amount of a second product 
which formed colourless needles, m. p. 93°, insoluble in 2N-sodium hydroxide and having a negative ferric 
reaction (Found: C, 61-8; H, 5-4%). 

3-Hydroxy-6 : 7-dimethoxy-2-methylchromone (VIII, R=Me; R, = OH).—(a) A mixture of 
w-chloro-2-hydroxy-4 : 5-dimethoxyacetophenone (5 g.), sodium acetate (5 g.), and acetic anhydride 
(10 g.) was kept at 180° for 5 hours, and the excess of anhydride decomposed with water. The aqueous 
liquor was decanted from the tarry product which, after having been dried, was repeatedly extracted 
with boiling light petroleum (b. p. 80—100°). The oily brown solid obtained on evaporation of the light 
petroleum extracts was purified by crystallisation from ethyl acetate-light petroleum (b. p. 80—100°), 
giving 3-acetoxy-6 : 7-dimethoxy-2-methylchromone in cream coloured prisms (1 g.), m. p. 185°, soluble in 
ethyl acetate and sparingly soluble in alcohol (Found: C, 60-6; H, 4-9. C,,H,,0, requires C, 60-4; H, 
50%). This compound was deacetylated by being dissolved in a little concentrated sulphuric acid, and 
the solution added to excess of water. Thus precipitated, 3-hydroxy-6 : 7-dimethoxy-2-methylchromone 
(VIII, R = Me, R, = OH) formed colourless needles (0-5 g.), m. p. 238° (slight decomp.), from alcohol 
(charcoal), which did not react with 2: 4-dinitrophenylhydrazine and gave a mauve ferric reaction in 
alcohol (Found: C, 60-9; H, 5-0. C,,H,,0, requires C, 61-0; H, 5-1%). 

(b) A mixture of the acetate of the 2-hydroxy-w-benzoyloxy-4 : 5-dimethoxyacetophenone (2 g.), 
sodium acetate (2 g.), and acetic anhydride (5 ml.) was kept at 180° (oil-bath) for 24 hours, cooled, and 
treated with water (100 ml.). Next day the solid product (1-8 g.) was isolated and extracted several 
times with hot alcohol, and the combined extracts were evaporated, leaving 3-acetoxy-6 : 7-dimethoxy- 
2-methylchromone which, on recrystallisation from 90% alcohol or ethyl acetate-ligroin, formed almost 
colourless prisms, m. p. 185—186°, undepressed on admixture with a specimen p: ed by method (a) 
(Found: C, 60-8; H, 5-2%). The foregoing experiment was repeated, but after the addition of water 
the mixture was kept for a month, and on isolation by the same method the product consisted of the 
3-hydroxy-chromone which, on recrystallisation from alcohol and then ethyl acetate, had m. p. 238° and 
was identical with a specimen prepared by method (a) (Found: C, 61-0; H, 5-6%). 

6 : 7-Dimethoxy-2-methylchromone-3-carboxylic Acid (VIII, R = Me; R, = CO,H).—(a) A suspen- 
sion of ethyl sodio-acetoacetate (from 5-0 g. of ester, 2 mols.) in ether (100 ml.) was added toa 
solution of freshly prepared 2-acetoxy-4 : 5-dimethoxybenzoyl chloride (2-5 g., 1 mol.) in ether 
(25 ml.), and after the reaction had ceased (8 hours, with occasional agitation) the mixture was refluxed 
for 8 hours, the yellow-brown solid was collected, washed with ether, and dissolved in water, and the 
solution was acidified with dilute hydrochloric acid. Next day the precipitate was collected and crystal- 
lised from alcohol, giving the chromone-3-carboxylic acid in colourless needles (1-4 g.), m. p. 247° (Found : 
C, 59-1; H, 4-5. C,3;H,,0O, requires C, 59-2; H, 4-5%). This compound is sparingly soluble in ether, 
hot alcohol, ethyl acetate, or benzene, soluble in chloroform, and slowly dissolves in aqueous sodium 
hydrogen carbonate. It did not react with 2: 4-dinitrophenylhydrazine and did not give a coloration 
with alcoholic ferric chloride. 

(b) A mixture of 2-hydroxy-4 : 5-dimethoxybenzoylacetone (I, R = Ac) (1 g.), pulverised sodium 
(0-3 g.), and ethyl carbonate (10 ml.) was kept at room temperature and occasionally agitated during 
48 hours. Ether (200 ml.) was added to the mixture followed by ice—water (20 ml.), and the aqueous 
layer separated and immediately acidified with dilute hydrochloric acid, giving a precipitate of the 
chromone-3-carboxylic acid (0-2 g.) which on purification from alcohol was obtained in colourless needles, 
m. p. 250°, undepressed on admixture with specimen, m. p. 247°, prepared by method (a). 

(c) When alcoholic sodium ethoxide (from 0-25 g. of sodium and 15 ml. of alcohol) was added to a 
solution of 2-hydroxy-4 : 5-dimethoxybenzoylacetone (1 g.) in alcohol (5 ml.), the disodio-derivative of 
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the diketone began to separate. One hour later the solid product was collected, washed with a little 
alcohol, suspended in anhydrous benzene, and gradually treated with a 10% solution of carbonyl] chloride 
in toluene (10 ml.). On the addition of each portion of the carbonyl chloride solution to the mixture a 
bright orange colour developed which was allowed to fade before the addition of the next portion. The 
mixture finally became orange-red, and, after having been nae at room temperature for 16 hours, the 


pink solid was collected, washed with water, dried, and crystallised from alcohol, giving the chromone-3- 
(a) and (6) acid in colourless needles (0-6 g.), m. p. 250°, identical with specimens prepared by methods 
a) and (0). 

“ A mixture of the chromone (0:1 g.), sodium ethoxide (from 0-03 g. of sodium), piperonal (0-07 g.), and 
alcohol (10 ml.) was heated on the water-bath for 15 minutes, and the resulting deep yellow solution 
cooled and acidified with dilute hydrochloric acid. The solid was collected, washed, and crystallised 
from acetic acid, giving the styryl derivative in yellow needles, m. p. 305° (Found: C, 63-4; H, 3:8. 
C.,H,,.03 requires c 63-6; H, 40%). 

Hydrolysis of 6 : 7-Dimethoxy-2-methylchromone-3-carboxylic Acid.—A solution of this compound 
(0-5 g.) in 2N-sodium hydroxide (25 ml.) was heated on the steam-bath for 15 minutes, and the cooled 
mixture acidified with dilute sulphuric acid and filtered to remove traces of unchanged material. 
Two-thirds of the solution was treated with excess of aqueous 2 : 4-dinitrophenylhydrazine sulphate, 
and next day the precipitate was collected, washed, and dried. This product was extracted with warm 
benzene, and the solution was a on a column of aluminium oxide, the chromatogram 
was developed with fresh solvent, and the lowest zone containing the 2 : 4-dinitrophenylhydrazone of 
acetone was washed through the column. On isolation this compound had m. p. 126°, after having been 
recrystallised from methyl alcohol, and was identical with an authentic specimen. The next zone on 
the chromatogram was washed through with chloroform, and on evaporation of the solvent the 2 : 4-di- 
nitrophenylhydrazone of 2-hydroxy-4 : 5-dimethoxyacetophenone was obtained, which formed scarlet 
needles, m. p. 228° (decomp.), undepressed on admixture with an authentic specimen. 

The residue insoluble in warm benzene was recrystallised from ethyl acetate, giving a small amount 
of 4-hydroxy-6 : 7-dimethoxycoumarin (ca. 5 mg.) in colourless prisms, m. p. and mixed m. p. 278° 
(decomp.), identical with an authentic specimen. 

The aqueous filtrate from the crude mixture of dinitrophenylhydrazones was distilled, the acidic 
distillate was neutralised with aqueous sodium hydroxide, the resulting liquor was evaporated to dryness, 
and the residue (30 mg.) was boiled with aniline (0-5 g.) containing aniline hydrochloride (0-2 g.) for 
15 minutes. The mixture was treated with excess of dilute hydrochloric acid and then extracted several 
times with ether, the combined extracts were washed once with a little dilute hydrochloric acid, dried, 
and evaporated, and a solution of the residue in an excess of benzene was poured through a short column 
(5 cm.) of aluminium oxide. Evaporation of the benzene liquor left acetanilide, m. p. and mixed m. p. 
112°, after recrystallisation. 

The remaining one-third portion of the crude acidified hydrolysate was extracted several times with 
chloroform, and the combined chloroform liquors were then extracted twice with aqueous sodium 
hydrogen carbonate. After acidification of the sodium hydrogen carbonate extracts with hydrochloric 
acid, 2-hydroxy-4 : 5-dimethoxybenzoic acid was isolated with the aid of chloroform. Crystallised from 
a small amount of the same solvent, the acid was obtained in colourless prisms, m. p. 214° (decomp.), having 
an roo blue ferric reaction in alcohol, identical with an authentic specimen (Head and Robertson, 
loc. cit.). 

6 : 7-Dimethoxy-3-acetylchroman-4-one (X).—Sodium methoxide (from 0-15 g. of sodium) was added 
to 6 : 7-dimethoxychroman-4-one (0-5 g.) (Robertson et al., J., 1936, 1832) in ethyl acetate (10 ml.) kept 
at —10° and the mixture kept at this tem ture for 4 hours and then at —5° for 24 hours. After the 
addition of ice, the mixture was acidified with dilute hydrochloric acid, and next day the solid was 
collected, triturated with a little boiling alcohol, and then crystallised from chloroform-light petroleum, 
giving the acetyl derivative in colourless squat prisms (0-25 8). m. p. 249°, which had a green ferric reaction 
in alcohol (Found: C, 62-4; H, 5-6. C,;H,,0, requires C, 62-4; H, 5-6%). This compound, which is 
insoluble in the usual organic solvents (cold) except cold chloroform, gives a product with 2 : 4-dinitro- 
phenylhydrazine forming crimson needles, m. p. 163°, from alcohol, which decomposes on further 
purification from this solvent. 

Evaporation of the alcoholic solution from the crude product left unchanged chromanone (0-2 g.). 

The same product was obtained when ether was employed as a solvent for the reaction and a molecular 
proportion of ethyl acetate used. 

imilarly, interaction of 6 : 7-dimethoxychroman-4-one (0-5 g.) with pulverised sodium (0-05 g.) in 
ether (20 ml.) at —5° for 24 hours followed by the addition of acetyl chloride (0-2 g.) gave after 24 hours 


at —5° a mixture of unchanged chromanone (0-3 g.) and the 3-acetyl derivative (0-1 g.), m. p. and mixed 
m. p. 249°, after purification. 


The authors are indebted to Messrs. Imperial Chemical Industries Limited for a grant in aid of this 
investigation. 
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122. Lanosterol. Part VI. Further Dehydrogenation and Oxidation 
Reactions. 


By CuarLes Doréz, JAMES F. McGuiz, and FREDERICK KURZER. 


Oxidation of diketodihydrolanosterol (as the acetate) with selenium dioxide has given 
triketodihydrolanosterol. The same reagent dehydrogenates diketolanostanyl acetate to 
dehydrodtketolanostanyl acetate. The conversion of lanosterol compounds into the corresponding 

sterol derivatives, previously carried out with selenium dioxide (Dorée and Bellamy, /., 
1941, 176), has now been effected with N-bromosuccinimide. 


SELENIUM dioxide is widely used as an oxidizing agent in the sterol series. The reaction proceeds 
along different courses according to the type of compound oxidized, and the experimental 
conditions. Callow and Rosenheim (J., 1933, 387), for example, report the direct conversion of 
ergosterol into dehydroergosterol, with the loss of two atoms of hydrogen and the introduction 
of a new unsaturated linkage. The mechanism of simple dehydrogenations of this type is 
usually considered to involve the intermediate formation of hydroxy-compounds, which undergo 
immediate dehydration, an unsaturated bond being formed. These hydroxyl-containing 
intermediates have been isolated in several instances (Watkins and Clark, Chem. Reviews, 1945, 
36, 244, 270). 

In other cases the action of selenium dioxide on unsaturated hydroxylated sterols leads, in 
the first place, to a-glycols. For instance, cholesterol (Rosenheim and Starling, J., 1937, 377), 
sitosterol, and stigmasterol (Marker et al., J. Amer. Chem. Soc., 1938, 60, 1071) yield the corres- 
ponding diols. Similarly, Rosenheim and Stiller have shown (J., 1938, 353) that steroid 
ketones are oxidized in one stage to a-diketones, as, ¢.g., cholestanone to cholestane-2 : 3-dione. 
Among the triterpenes, 8-amyrin acetate undergoes simultaneous dehydrogenation and oxidation, 
to yield B-amyradienedione acetate (Ruzicka et al., Helv. Chim. Acta, 1941, 24, 1236). 

The dehydrogenating action of selenium dioxide in the lanosterol series was first described by 
Dorée and Bellamy (loc. cit.), who found that a second double bond could be introduced into 
dihydrolanosterol, giving good yields of dihydroagnosterol (‘‘ y-lanosterol’’). In the present 
investigation the action of selenium dioxide on ketonic lanosterol derivatives has been examined, 
the compounds selected being diketodihydrolanosteryl acetate and diketolanostany] acetate. 
The former substance, obtained by the oxidation of dihydrolanosteryl or dihydroagnosteryl 
acetate (Ruzicka et al., Helv. Chim. Acta, 1944, 27, 472), is deep yellow and contains the chromo- 


phoric grouping *CO*C:C-CO*. Reduction of this compound gave the colourless diketolanostanyl 
acetate (Dorée, McGhie, and Kurzer, J., 1948, 988) in which the chromophoric system had been 
removed by the hydrogenation of the double bond. Diketodihydrolanosteryl acetate, when 
treated with selenium dioxide in a mixture of glacial acetic acid and acetic anhydride for 2—5 
hours, gave a product from which a triketone, triketodihydrolanosteryl acetate, could be isolated 
by chromatographic separation. The completeness of the oxidation was found to depend on 
the amount of selenium dioxide used and the time of reaction, but yields of triketone never 
exceeded 40% of the theoretical. The use of a large excess of oxidizing agent under prolonged 
drastic conditions gave unfavourable results. A proportion of unchanged starting material 
was still recovered, but partial destruction of the reactants lowered the yields of the desired 
product. ' 

Triketodihydrolanosteryl acetate forms dark orange needles, m. p. 185—187°, and appears 
to be identical with the by-product sometimes obtained by Ruzicka (1944, Joc. cit.) in the chromic 
acid oxidation of dihydrolanosteryl acetate. Careful hydrolysis under mild conditions gave 
triketodihydrolanosterol, m. p. 169—172°. Oxidation of the hydroxyl group converted this 
secondary alcohol into the corresponding tetraketone, triketolanostenone, m. p. 156—158°. 
Since they contain three keto-groups these products differ from the corresponding diketo- 
dihydro-derivatives in being more deeply coloured and showing a marked increase in their 
solubility, particularly in methanol and ethanol. The position of the keto-group introduced 
into the lanosterol molecule by selenium dioxide cannot yet be decided with certainty. The 
absence of a 1 : 2-diketo-system, as found in the sterol series by Rosenheim and Stiller (loc. cit.), 
must be inferred, since neither triketodihydrolanosteryl acetate nor triketolanostenone showed 
any of the characteristic properties of o-diketones. They were insoluble in caustic alkalis, 
gave no colouration with alcoholic ferric chloride solution, and failed to react with o-phenylene- 
diamine to yield quinoxaline derivatives. Reduction of triketodihydrolanosteryl acetate 
according to Clemmensen gave excellent yields of diketolanostanyl acetate, m. p. 222—224°, 
identical with the product obtained from diketodihydrolanosteryl acetate under analogous 
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conditions. In this reduction the chromophore has been removed as expected (cf. Dorée, 
McGhie, and Kurzer, Joc. cit.), while the third keto-group, newly introduced by selenium dioxide 
oxidation, has been reduced to methylene. The formation of the same reduction product from 
both diketo- and triketo-dihydrolanosteryl acetate is thus accounted for. 

Diketolanostany] acetate (II), when acted upon by selenium dioxide under drastic conditions, 
underwent simple dehydrogenation to yield colourless dehydrodiketolanostanyl acetate (III), m. p. 
176—178°. Small quantities of diketodihydrolanosteryl acetate (1) (partly oxidized to the 
triketo-acetate), also produced in the reaction, and isolated from the main product by chromato- 
graphic separation, indicated that elimination of hydrogen occurred to a limited extent at the 
carbon atoms situated between the ris aa with re-establishment of the chromophore : 


-co—t=t—co- ... ¢H—¢x- = -co—tn—tn—co-. . . ¢u—tx- — 


L Il. 
) ar) -~co—tH—cuH—co-... d=¢d- 
(III.) 


Dehydrodiketolanostanyl acetate (III) contains a double bond and two keto-groups and is 
isomeric with diketodihydrolanosteryl acetate (I). In contrast to the latter compound, 
however, it is colourless, and its centres of unsaturation are therefore not part of a chromophoric 
system. Its light-extinction curve shows a high-intensity absorption in the near-ultra-violet 
region of the spectrum (Anax, = 238 my.; log « = 3-9), characteristic of a system of conjugated 


double bonds. Assuming the presence of the *CO-CH'CH:CO- grouping in the starting material 


(II), a distribution of the type *C:C*-CO-CH*CH-CO: (IIIa) seems not unlikely, and is in agreement 
with the expected location of absorption maxima due to substituted «$-unsaturated ketones 
(Woodward, J. Amer. Chem. Soc., 1941, 68, 1123). Dehydrodiketolanostany] acetate is a stable 
compound, and resisted chromic acid oxidation; its acetoxy-group could not be deacylated by 
the usual methods of hydrolysis. A migration of this acetoxy-group during selenium dioxide 
dehydrogenation in the strongly acid medium to a tertiary position, in which the acetyl group 
is known to be firmly held, is unlikely, since Clemmensen reduction gave once again diketo- 
lanostanyl acetate, m. p. 222—224°, whose acetoxy-group undergoes deacetylation without 
difficulty. 

The dehydrogenation of lanosterol compounds to the corresponding agnosterol derivatives, 
previously effected with selenium dioxide (Bellamy and Dorée, Joc. cit.), has now been carried 
out by means of N-bromosuccinimide. The action of this reagent, normally introducing a 
bromine atom into the allylic position (Ziegler et al., Annalen, 1942, 551, 80), is widely applicable 
to unsaturated compounds and was claimed to brominate cholestery] esters in almost quantitative 
yields. With triterpenes of the amyrin type, however, Ruzicka et al. (Helv. Chim. Acta, 1943, 
26, 1235) obtained halogen-free compounds, into which additional double bonds had been 
introduced in one step (e.g., B-amyrin acetate to B-amyratrienyl acetate). When applied to 
compounds of the lanosterol type in the present series of experiments, the procedure gave 
dehydrogenated products directly. As with the amyrins, the reaction was accompanied by 
vigorous evolution of hydrogen bromide and the isolation of bromo-substituted intermediates 


-cH=¢—¢H—cH,- —> [—CH,t=¢—cH,) —> -co—+t=t—co- 
seo, (IV.) IX.) 4) 
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was not possible. The halogenation of the allyl position by N-bromosuccinimide and certain 
other N-halogen compounds in substances of known structure (Ziegler et al., loc. cit.) suggests 
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that the dehydrogenation takes place in two stages, viz., bromination at the carbon atom 
adjacent to the double bond, followed by the removal ot hydrogen bromide with the formation 
of a new unsaturated linkage. The ready loss of the bromine atom (and hence the corresponding 
hydroxyl group introduced in the identical position during selenium dioxide dehydrogenation ; 
see Va) under the mild conditions of the experiment indicates its probable attachment to a 
tertiary carbon atom. The “ inert’ double bond of dihydrolanosterol is therefore situated in, 
or migrates under the influence of the acid media during dehydrogenation into, a position 
adjacent to a tertiary carbon atom. The formation of dihydroagnosteryl acetate can thus be 
represented by partial formule (IV)—(VI), accounting for the establishment of the required 
system of conjugated double bonds distributed over two rings. The scheme is extended to 
show the observed production of diketodihydrolanosteryl acetate (I) by the chromic acid 
oxidation of both dihydrolanosteryl and dihydroagnosteryl acetate (VI) (Ruzicka et al., 1944, 
loc. cit.). In the latter case the reaction mechanism may involve preliminary attack at either 
double bond of the conjugated system, followed by an allylic rearrangement, and final oxidation 
to (I) The oxidation of dihydrolanosteryl acetate to the same product may take place, by 
preliminary bond movement, via (IX). The identity of the oxidation product obtained from 
compounds of the lanosterol and agnosterol series (see also ‘‘ « ’’-lanostene, “‘ y ’’-lanostene, to 
diketolanostene, Dorée, McGhie, and Kurzer, Joc. cit.) appears significant, and the possibility 
of the intermediate formation of agnosterol derivatives in the oxidation of lanosterol compounds 
(IV —— VI —~ VIII —-> I) should perhaps not be overlooked. 


Scheme summarising reactions described in Parts V and VI. 


Diketolanostane, CygH,,0, 
(m. p. 140—142°) 


2H 


Diketolanostene, CygHy,O, 
(m. p. 119—120°) 


eel foo, 


** y-Lanostene”’ Lanostene 


| 3 Steps ts Steps Se0, 


: C.H.O,NBr HCl 
Dihydroagnosteryl acetate <————. Dihydrolanosteryl acetate ——> £-Dihydrolanosteryl acetate 


(m. p. 162—164°) 
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Diketodihydrolanosteryl acetate 
(m. p. 156—158°) 
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4H 
Diketolanostanyl acetate, C;.H;,0, ——- Triketodihydrolanosteryl acetate, C,.H,,O 
(m. p. 222—224°) on. &. 185-1875)” 22H,,0, 
Alcohol, CygH yO; (m. p. 183—184°) Alcohol, CygH,,O, (m. p. 169—172°) 
Ketone, CygH,,O, (m. p. 165—167°) Ketone, CygH,,O, (m. p. 156—158°) 


{sa 
Dehydrodiketolanostany] acetate, C;,H,.O, (m. p. 174—176°) 


Dihydrolanosteryl acetate, on treatment with N-bromosuccinimide according to Ziegler, 
gave a reaction product from which dihydroagnosteryl acetate, m. p. 160—162°, was isolated. 
Although the m. p. of the specimens obtained by this method was consistently 3—4° too low, 
the product was identified by conversion into derivatives and by its characteristic ultra-violet- 
absorption curve. The observed intensities (below) indicated the presence of 5—6% of 


Maximum I. Maximum II. "Maximum III.. 
Dihydroagnostery] acetate. D mes. E}. A maz. Ei. A max. E}. 
By selenum dioxide ........ sani dieprebentaneed 238 300 245 380 250 240 


By N-bromosuccinimide .............ssseee+s 236 285 243 360 251 225 
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unchanged dihydrolanosteryl acetate, which could not be removed by continued crystallisation. 
The more soluble fractions of the reaction product gave an uncrystallisable yellow oil, from which 
no well-defined compound could be isolated. The position of its absorption maximum (at 
2% = 223 my., E = 320) suggested the absence of material containing a system of three double 
bonds as found in the trienol obtained from 8-amyrin. 

Dehydrogenation by N-bromosuccinimide took place smoothly in cases where selenium 
dioxide, on account of its more severe action, proved less suitable or inapplicable. Thus, 
dihydrolanosterol gave good yields of dihydroagnosterol, m. p. 154—156°, while dihydrolan- 
ostenone (which, with selenium dioxide yields yellow compounds containing conjugated systems; 
authors’ unpublished work) was readily converted into dihydroagnostenone, m. p. 126—128°. 
Dehydrogenations requiring the use of selenium dioxide under severe conditions did not take 
place with N-bromosuccinimide; for instance, diketodihydrolanosteryl and diketolanostanyl 
acetate were recovered unchanged after prolonged treatment. The interaction of N-bromo- 
succinimide with a lanosterol hydrocarbon has been previously reported (Dorée, McGhie, and 
Kurzer, J., 1947, 1467). Although the reagent is not superior, from the preparative point of 
view, to selenium dioxide, if applicable, it is valuable for introducing double bonds directly into 
more sensitive compounds of lanosterol, and gives information of the position of the centres of 
unsaturation already present in the molecule. 

A summary of the reactions discussed in this and the previous communication (J., 1948, 988) 
is given in the accompanying scheme (C,H,O,NBr = N-bromosuccinimide). 


EXPERIMENTAL. 


All m.p.s are uncorrected. Specific rotations were measured in chloroform solution at 20°. 
Aluminium oxide used in chromatographic work was from Messrs. Peter Spence Ltd. (“ Grade H”’). 

Triketodihydrolanosteryl Acetate.—Diketodihydrolanosteryl acetate (30 g.; 1 mol.), dissolved in a 
mixture of glacial acetic acid and acetic anhydride (1:1; 500 ml.), was treated with excess of selenium 
dioxide (30 g.; 4-5 mols.; saturated aqueous solution) and refluxed vigorously with mechanical stirring 
for 4 hours. The selenium was filtered off, the filtrate concentrated to 100 ml. in a vacuum and diluted 
with ether (600 ml.), and the deep orange liquid washed with sodium hydroxide solution and water until 
neutral, and no more black tarry matter separated at the ether—water interface. After evaporation of 
the neutral ethereal extracts in a vacuum, the orange solid remaining was taken up in light petroleum 
(b. p. 60—80°; 800 ml.), completely absorbed on an aluminium oxide column (300 g., dimensions 
4-5 x 16 cm.), and eluted as follows : 


Eluant. Eluate. Weight, g. 
(1) Light petroleum (400 ml., Fraction 1: Yellow crystalline needles, m. p. 158—164°; 4-90 
b. p. 60—80° mainly diketodihydrolanosteryl acetate 
(2) Light petroleum (b. p. Fraction 2: Deep yellow crystalline compact needles, m. p. 4-05 
60—80°)—benzene 168—173°; mixed crystals of diketo- and triketo-di- 
(1: 1, 400 ml.) hydrolanosteryl acetate (approx. 1 : 1) ; 
(3) Benzene (600 ml.) Fraction 3: Orange needles, m. p. 184—187°; triketodi- 7-75 
hydrolanosteryl acetate 
(4) Benzene (200 ml.) Fraction 4: Orange oily material, uncrystallisable 1-2 
(5) Chloroform (2 x 500 ml.) — 5 and 6: Deep brown viscous oil, uncrystallis- 2-1 
able 


On removal of the solvent from eluate (3) a deep orange crystalline residue was obtained, which, after 
two crystallisations from chloroform—methanol (I: 12, 50 c.c.; II: 10, 40 c.c., resp.), gave orange 
needles of triketodihydrolanosteryl acetate (7-25 g.), m. p. 184—187° (Found: C, 75-0; H, 9-1. 2H,,0;5 
requires C, 75-0; H, 9 4%); bag — 50-4° (c, % *952). Ultra-violet absorption spectrum; Maximum 
absorption at 280 mp. BS 

The fractions obtained ay aint (1) and (2) showed absorption maxima in the ultraviolet, and 
carbon and hydrogen values corresponding to mixtures of diketodihydro- and triketodihydro-lanosteryl 
acetate (fraction 1, approx. 4:1; fraction 2,approx.1:1). Maximum absorption at 275 mp. (E,1% 210) 
and 285 mp. (Ej 190) (Found: C, 76-5; H, 95%). On combination with material obtained from the 
mother-liquors of fraction (3), and ichromatograp ic separation as described above, a further crop of 
triketodihydrolanosteryl acetate (2-1 g.) was obtained. 

Triketodihydrolanosterol.—Triketodihydrolanosteryl acetate (4 g.) was reflxed with alcoholic potash 
solution (7-5 g. KOH in 250 ml. EtOH) for one hour. The solution, which underwent brilliant colour 
change from yellow to dark-red and deep bluish-green during the boiling, was neutralised with concen- 
trated hydrochloric acid, concentrated to 30 ml., diluted with water, and extracted with ether. The 
solvent was removed, and the alcohol purified by filtration of its light petroleum solution through an 
aluminium oxide column (15 g.). Three crystallisations from methanol (15, 10, and 8 ml., respectively) 
gave yellow, silky needles of F iriketodihydvolanosterol, m. p. 169—172° (Found : C, 76: 6; H, 9-35. 
CH yO, —_ ires C, 76-6, H, 98%); [a]p + 36-9° (c, 1-225). 

Triketodi ydrolanostenone. —Triketodih: lanosterol (4 g.; 1 mol.) was dissolved in a mixture of 
benzene (120 ml.) and glacial acetic acid (20 ml.). To the cooled solution, Kiliani’s 10% chromic acid 
mixture - ml. ; prepared by dissolving sodium dichromate (60 g.) in water (270 ml.) and tiring f concen- 
trated sulphuric acid (80 g.)] was added dropwise with cooling below 8° and mechanical uring 10 
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minutes. After vigorous shaking for another 15 minutes, the excess of the oxidising agent was removed 
by means of sulphur dioxide, the aqueous layer extracted with light petroleum, the combined benzene-— 
light petroleum extracts washed till neutral with sodium hydroxide solution and water, and filtered 
through aluminium oxide (20 g.). After removal of the solvents in a vacuum, the yellow residual oil 
was crystallised three times from chloroform—methanol and gave triketodihydrolanostenone, m. p. 156— 
158°, in bright yellow needles (Found: C, 76-8; H, 9-3. Cj,H,,O, requires C, 76-6; H, 9-8%); [alp 
+ ~~ (c, 0-870). Ultra-violet absorption spectrum: Maximum absorption at 272 and 278 my. (both 
Et&,, 285). 

Triketodihydrolanostenone was insoluble in caustic alkalis, and did not give a colour with alcoholic 
ferric chloride solution, indicating the absence of a 1 : 2-diketo-system capable of undergoing enolization. 
When boiled with phenylenediamine in ethanol or glacial acetic acid for one hour, the tetraketone was 
recovered unchanged. 

Diketolanostanyl Acetate.—A solution of triketodihydrolanosteryl acetate (2-5 g.) in glacial acetic acid 
(120 ml.) was added to excess of amalgamated zinc (15 g.), and to the boiling reaction mixture concen- 
trated hydrochloric acid (20 ml.) was slowly added within 20 minutes. Refluxing was continued for 
1} hours, during which the yellow liquid was decolorised. The solution was poured off from the zinc 
and diluted with water (300 ml.), and the white reaction product isolated by extraction with ether. 
The product was purified by filtration of its light petroleum solution (b. p. 60—80°, 250 ml.) through 
alumina (20 g.), and was crystallised three times from chloroform—methanol, diketolanostanyl acetate, 
m. p. 222—-224°, being obtained in white lustrous plates. There was no depression of the m. p. in 
admixture with diketolanostanyl acetate obtained from diketodihydrolanosteryl acetate (Dorée, MeGhie 
and Kurzer, A., 1948, 988) (Found: C, 76-7; H, 10-5. Calc. for C,,H,,.O,: C, 76-8; H, 10-4%); 
[a]p + 54-6° (c, 0-471). The identity of the product with diketolanostanyl acetate was further established 
by hydrolysis to diketolanostanol, which on oxidation under restrained conditions gave diketolanostanone, 
m. p. 166—168°. 

Dehydrodiketolanostanyl Acetate.—Diketolanostanyl acetate (10 g.; 1 mol.) was dissolved in a mixture 
of glacial acetic acid (120 ml.) and acetic anhydride (120 ml.), and the hot solution slowly treated with 
excess of selenium dioxide (14 g., 6 mols., saturated aqueous solution). After vigorous refluxing for 
3 hours, the black selenium was filtered off, extracted once again with boiling glacial acetic acid, and the 
orange-red filtrate concentrated to 80 ml. ina vacuum. The residual dark owe was poured into water 
(800 ml.), and the resulting yellow solid extracted with benzene. The collected extracts (approx. 400 ml.) 
were washed till neutral with 10% sodium hydroxide solution and water, and purified by filtration through 
an alumina column (50 g.), which was subsequently eluted with pure benzene (2 x 100 ml.). The 
alumina retained a brown uncrystallisable oil as a deep orange zone, as well as the last traces of selenium. 
On evaporation of the eluate an orange crystalline mass was obtained, which gave, after two crystal- 
lisations from chloroform—methanol, dehydrodiketol tanyl acetate, m. p. 176—178° in white lustrous 
plates (3-5 g.) (Found: C, 76-7; H, 10-1. C,,H, 0, requires C, 77-1; H, 10-1%); [a]p 4:1°, 5-0° (c, 
1-07, 0-502). Ultraviolet absorption spectrum: Maximum absorption at A 238 mu. (E:3. 286) and 
308 my. (E} %,, 1-05). 

Dehydrodiketolanostanyl acetate (1 g.), when oxidised in glacial acetic acid solution (25 ml.) with 
excess of chromium trioxide (1 g.) at 100° for 2 hours, was recovered almost quantitatively (0-85 g.). 
Hydrolysis did not occur when it (3 g.) was refluxed with 15% alcoholic caustic potash for 2 hours or 
on prolonged refluxing with ethanolic hydrogen chloride. 

The mother-liquors from which the colourless dehydrodiketolanostanyl acetate had crystallised were 
deep orange. The ultra-violet absorption spectrum (maximum absorption at 278 and 280 my.) suggested 
the presence of diketo- and triketo-dihydrolanosteryl acetate. Further chromatographic purification 
and repeated crystallisation from acetone-methanol gave orange needles (0-4 g.), m. p. 166—170°, 
consisting of mixed crystals of the acetates of diketo- and triketo-dihydrolanosterol (Found: C, 76-5; 
H, 9-5. Calc. for C;,H,,0, : C, 77-1; H, 101%. Calc. for C,,H,,0,: C, 75-0; H, 9-4%). Ultraviolet 
absorption spectrum : maximum absorption at 274 my. (E} %,, 225) and 279 my. (E} %,, 120), corresponding 
to approximately equal quantities of the two constituents. The final mother-liquors gave an uncrystal- 
lisable oil (maximum absorption at 221 mp., E} 310; and 257, E} 175). 

Diketolanostanyl Acetate.—Dehydrodiketolanostanyl acetate (1 g.), dissolved in glacial acetic acid 
(50 ml.), was added to amalgamated zinc (8 &). The boiling reaction mixture was slowly treated with 
concentrated hydrochloric acid (6 ml.) and refluxed for 2 hours. The resulting clear liquid was decanted 
into water (200 ml.), and the product isolated and purified as before, diketolanostanyl acetate, m. p. 
220—224° being obtained in lustrous plates (Found: C, 77-1; H, 10-3. Calc. for C,,H,.0,: C, 76-8; 
H, 10-4%); [a]p + 54-1° (c, 0-57). Ultra-violet absorption spectrum : Maximum absorption at 298 mz., 
E{&,. 1-3. ; 

Dehydrogenation.—Dihydroagnosteryl acetate. (i) From £-Dihydrolanosteryl acetate. A solution of 
B-dihydrolanosteryl acetate (Marker e¢ al., J. Amer. Chem. Soc., 1937, 59, 1368) (2 g., 1 mol.) in glacial 
acetic acid (40 ml.) was treated with excess of selenium dioxide (2 g., 4 mols.; saturated aqueous solution) 
and refluxed for 4 hours. “The selenium was filtered off, the filtrate poured into water (150 ml.), and the 
product extracted with benzene. The neutral extracts were filtered through alumina (20 g.) and the 
white residue obtained on removal of the solvent was crystallised twice from chloroform—methanol, 
whereupon dihydroagnosteryl acetate, m. p. 164—167°, was obtained (1-7 g.) (Found : C, 82-0; H, 10-75. 
Calc. for C;,H,;,0,: C, 82:05; H, 11-1%). 

(ii) From dihydrolanosteryl acetate. A hot solution of dihydrolanosteryl acetate (5 g., 1 mol.) in 
anhydrous carbon tetrachloride (60 ml.) was treated with N-bromosuccinimide (2 g.; 0-9 mol.) and 
refluxed on the steam-bath for 2 hours. The reaction mixture, initially deep orange, turned pale yellow, 
and hydrogen bromide was evolved throughout the refluxing. The succinimide was filtered off from the 
cold solution, and the filtrate washed successively with sodium hydroxide solution and water. Removal 
of the solvent gave a yellow viscous oil, which was taken up in light petroleum and filtered through 
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alumina (40 g.), a nearly colourless eluate being obtained. The white solid resulting on distillation of 
the petroleum was crystallised three times from acetone—methanol, and twice from acetone, and dihydro- 
agnosteryl acetate, m. p. 161—163°, was obtained in lustrous plates (2-7 g.). Beilstein reaction slightly 
positive (Found : C, 81-8; H, 11-5%); {alo 87-5° (c, 0-692). Ultra-violet ehiangiten spectrum: Maximum 
absorption at 236, 243, and 251 mu. (Et %,, 285, 360, and 225, respectively). 

The mother-liquors from the crystallisation of the dihydroagnostery 1 acetate gave, on further 
fractionation, mixed crystals of dihydrolanosteryl and dihydroagnosteryl acetates (approx. 1 : 1), m. p. 
152—156°. The most soluble fractions gave an uncrystallisable orange oil (ultra-violet absorption 
spectrum : maximum absorption at 223 my.). 

The identity of dihydroagnosteryl acetate obtained by the use of N-bromosuccinimide was further 
established by hydrolysis to dihydroagnosterol, m. p. 154—156°, which, on oxidation under mild 
ey by Kiliani’s 10% chromic acid mixture, as previously described, gave dihydroagnostenone, 

m. p. 126—128°. Its semicarbazone melted at 242—244° (Found : C, 77-2; H, 11-1; N, 8-6. C,,H,;,ON, 
requires C, 77:3; H, 10-7, N, 8-7%). 

(iii) From B-dihydrolanosteryl acetate. $-Dihydrolanosteryl acetate (2 g., 1 mol.) was dissolved 
in anhydrous carbon tetrachloride (100 ml.). The solution, treated with excess of N-bromosuccinimide 
(1-5 g.; 1-8 mols.), was refluxed for 2 hours and the product isolated as described above, dihydroagnosteryl 
acetate, m. p. 160—162°, being obtained (Found: C, 81-8; H, 110%). The m. p.s of the resulting 
specimens were again somewhat low, 0 — to the presence of a small proportion of unchanged starting 
material. The product was readily identified as dihydroagnosteryl acetate a % m. p. 167—169°) 


by its characteristic ultra-violet absorption spectrum (Amax. 235, 245, and 251 my. ; Ej %, 289, 350, and 320 
respectively 

Dih a Dihydrolanosterol (4 g.; 1 mol.), dissolved in anhydrous carbon tetrachloride 

100 mi. |, was treated with N-bromosuccinimide (2-3 g.; 1-4 mols.), refluxed for 1 hour, and the product 
polated in the usual manner. After filtration of the light petroleum solution through alumina (15 g.) 
and four crystallisations from acetone—methanol, dihydroagnosterol, m. p. 154—156°, was obtained in 
soft felted needles (Found: C, 83-9; H, 11-4. Calc. for Cy.H,,O: C, 84-5; H, 1l1- 7%), 

droagnostenone. Toa solution of dihydrolanostenone (5 g.; 1 mol.) in carbon tetrachloride 

(120 mat ), N-bromosuccinimide (3-3 g.; 1-5 mols.) was added, and fhe ae mixture refluxed on the 
water-bath for 2 hours. Reaction took place in the familiar manner, although bm vigorously than in 
the case of the acetate and alcohol. After isolation of the product as before, ostenone, m. p. 
125—128° was obtained in white flat needles from aiiieneaalinns endian 2 ound: C, 84-6 
H, 11-6. Calc. for Cy,H,,0: C, 84-9; H, 11:7%). Reduction by sodium and Gaon alcohol yielded 
dihydroagnosterol, m. p. 152—156° (acetate, m. p. 164—167°) 
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123. Influence of Directing Groups on Nuclear Reactivity in Oriented 
Aromatic Substitutions. Part VI. Nitration of Ethyl Phenylacetate 
and of Benzyl Chloride. 


By CHRISTOPHER K. INGOLD and FLORENCE R. SHaw. 


The nitration in acetic anhydride of ethyl phenylacetate and of benzyl chloride has been 
studied. In each case the rate of nitration of the benzene derivative, relatively to that 
of benzene itself, has been measured by the competition method; and in each case the propor- 
tions have been determined in which o-, m-, and p-nitro-isomreides are formed under corres- 
ponding conditions. From these results the factors are calculated by which either side-chain 
increases or decreases the rate of nitration at each nuclearcarbon atom. Both compounds show 
predominating op-orientation, but this result is produced in quite different ways. In ethyl 
phenylacetate the o- and p-positions are activated, and the m-position is unaffected, by the 
side-chain. In benzyl chloride the o- and m-positions are deactivated, and the rage is 
unaffected. These results are discussed theoretically, and are shown to be intelligible if we 
take account of polarisability effects arising from hyperconjugation. 


THE appearance of Bordwell and Rohde’s paper (J. Amer. Chem. Soc., 1948, 70, 1191) on the 
effect of a ‘‘ negatively ’’ substituted vinyl side-chain on aromatic nitration rate, their example 
being the nitration of cinnamic acid, reminded us that we have not yet published our results, 
obtained in 1928, on the effect on nitration rate of ‘‘ negatively ’’ substituted methyl] side-chains, 
our examples being benzyl chloride and ethyl phenylacetate. This work constitutes the 
fulfilled part of a programme of research on the effect of halogen- and carboxyl-substituted 
methyl and vinyl side-chains on rate of nitration. We had intended to complete the scheme 
and present the results together, but now it seems unnecessary further to delay our report, since 
by good fortune Bordwell and Rohde’s results and ours are complementary. 

In our first paper (J., 1927, 2918) we pointed out that the effect of a substituent on aromatic 
reactivity in an electrophilic substitution such as nitration is more usefully described if we can 
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state how the substituent influences the rates at which the different nuclear positions are attacked, 
than if we know only the proportions in which the isomeric substitution products are formed. 
We instituted a general method of obtaining information concerning such effects on rate by 
what is called the competition method: a benzene derivative and benzene itself, in known 
proportions, and both in excess, are allowed to compete for a limited amount of a nitrating agent 
in the same homogeneous solution; and from the proportions in which the aromatic compounds 
are nitrated, the ratio of the specific rates at which they are attacked by the nitrating entity is 
computed. A group was said to activate or deactivate a given nuclear position with respect to 
nitration when its presence increased or decreased, as the case may be, the rate of nitration in 
that position. 

_ Having examined a number of benzene derivatives by this method, we set up a framework 
of theory, which has been the main guide for subsequent investigations (Ingold, Lapworth, 
Rothstein, and Ward, J., 1931, 1959; Ingold and Smith, J., 1938, 905; Bird and Ingold, /., 
1938, 918). Orienting substituents were divided into four types : 





\ <> 
Type : ae YR 
(1) (2) (3) (4) 
+I —TI =i $2 +I+T 
Example : Toluene Ethyl benzoate Chlorobenzene Phenoxide ion 
E ‘ eee m-Orientation As op-Orientation As op-Orientation 
ffect : Activation Deactivation (2) | Deactivation (4) Activation 


In type 1, activation is general, extending even to the m-positions. In type 2, deactivation is 
similarly general. Type 3 comprises a range of cases, having a central section in which the rule 
associating op-orientation with activation and m-orientation with deactivation is broken 
through. Type 4 is characterised by intense op-activation. 

The interpretation given was that the inductive effect (+J) is an activating or deactivating 
polarisation, present in the normal state of the aromatic molecule, a polarisation which therefore 
affects the op-positions directly, and the m-positions by relay ; whilst the tautomeric effect (+ 7) 
is an activating polarisability effect, which is developed essentially in the course of reaction, and 
cannot therefore be relayed, being tied by the structures of the transition states to the op-positions 
exclusively. It is because the tautomeric effect arises from the demand of the reagent, because 
it is electromeric rather than mesomeric, that we have no need to take account of the other 
possible form of it (— T) in the (approximate) treatment of substitution by electrophilic reagents. 

In substituents of type 3, the —/J-effect signifies a permanent electron-withdrawing 
polarisation, which deactivates, not only the op-positions, but also, though to a smaller extent, 
the m-positions. The +T7-effect represents an activating electron supply to the op-positions 
only, which is operative during reaction. In the central band of groups belonging to type 3, 
this activating effect is strong enough to raise the reactivity of the op-positions above that of 
the m-positions; but it is not strong enough to raise the reactivity of the op-positions above 
that of the nuclear positions in unsubstituted benzene; and thus the normal correlation between 
orientation and reactivity becomes abrogated. Hitherto this interesting situation could be 
exemplified only by means of the four halogenobenzenes (Bird and Ingold, /oc. cit.): thus 
chlorobenzene is wholly op-orienting, but its rate of nitration, as measured by the competition 
method, is only 0°033 times that of benzene. Bordman and Rohde have now shown that 
cinnamic acid is a further example (Joc. cit.) : although it is exclusively op-orient.  z, its nitration 
rate, as given by the competition method, is only 0-111 times that of benzene. One can picture 
a wider separation between the origins of the two effects, —I and +T, in the case of cinnamic 
acid than for chlorobenzene, where both must originate in the chlorine atom. In cinnamic 
acid the carboxyl group, permanently acting on the ring through the ethylenic double bond, 
deactivates all the nuclear positions; but, during reaction, the ethylenic bond itself will partly 
counteract this effect by supplying, to the op-positions only, the electrons required by the 
nitrating agent. 

Today we understand that hyperconjugation will occasionally blur the clear distinctions 
which were at one time made between the inductive and tautomeric effects. For instance, 
toluene certainly exhibits a permanent polarisation which it is convenient to label +7. But 
neither toluene nor any benzyl compound can be completely free from a polarisability effect 
+T, originating in the CH-electrons of the side-chain. Where in some comparison such an 
effect is weak enough to be neglected, the substituent of the benzyl compound might still be 
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classified with type 1 or type 2, rather than with type 3 or type 4; but this would be recognised 
as a simplifying approximation. It is with such marginal cases, involving weak effects, that 
we are now concerned. 

We have studied the nitration of ethyl phenylacetate, and of benzyl chloride, in acetic 
anhydride at 25°. We have also studied the nitration of ethyl phenylacetate at 45°, but not so 
fully, since the results appeared to be rather closely duplicating those obtained for 25°. The 
differences were too small to be interesting. For each substance the rate of nitration, relatively 
to that of benzene, was determined (k’/k) by competition between the substance and benzene. 
For each substance the proportions were determined in which the o-, m-, and p-nitro-isomerides 
are formed in nitration under similar conditions (but without the benzene). By combining 
these results, according to the principles set down in our first paper, we have calculated the 
partial rate factors (F) for the benzene derivatives, i.e., the factors by which the original 
substituent increases or decreases the rate of nitration at R : 1 . 
each nuclear carbon atom. The principal results are in - onsen a - 
Table I. ; 

Ethyl phenylacetate shows predominating op-orient- +1 
ation, accompanied by a weak activation of the op- 
positions; but the side chain has no significant effect on the 
reactivity of the m-positions. We interpret the last result 
as meaning that the permanent +/-effect, which may be 
ascribed to the methyl group of toluene, is almost exactly 
neutralised, when one hydrogen atom is replaced by a 
carbethoxyl substituent, by the relayed —I-effect of the 
latter; so that the complete side-chain in ethyl phenyl- 
acetate exerts only a negligibly small inductive polaris- 
ation. The principal polar effect which is left is the weak 
polarisability effect, +7, which arises through the hyper- 
conjugation of the hydrogen electrons of the methylene 
group. It is this which produces the weak op-activation, 
and the consequent op-orientation. The side-chain of 
ethyl phenylacetate might be placed on the junction 
between types 1 and 2, but it would more correctly be 
regarded as being on the boundary between types 3 and 4, << \ 
i.e., on the horizontal line, and not far from the origin, in 2 ae 
the annexed diagrammatic scheme. m-Ore 

The permanent polarisation of the ring by the carboxyl -7 
group is evidently much weaker in ethyl phenylacetate 
than in cinnamic acid, no doubt because of the absence from the former of an appropriate 
conjugation. On the other hand, the polarisability effect due to the methylene electrons of 
ethyl phenylacetate is much weaker than the polarisability effect originating in the ethylenic 
m-electrons of cinnamic acid, because, of course, hyperconjugation normally produces weaker 
polar effects than conjugation. 





+ 
7 








TABLE I. 
Rates and Orientations for Nitration in Acetic Anhydride at 25°. 


Relative Proportions of isomerides (%).* Partial rate factors. 
rate a. A 





Substance. (R’/R). Ortho. Meta. Para. ) re Fncta.- Bedi 
C,H, CH, CO,Et ..........cccceeee 3-66 42-0 10-6 47-4 4-62 1-16 10-41 
CFE CH on ccccccccccccccccccecee 0-302 32-0 15-5 52-5 0-290 0-140 0-951 


* The proportion of ethyl m-nitrophenylacetate here recorded (106%) may be compared with the 
value (9-4%) derived by er and Ingold for the nitration of ethyl phenylacetate by nitric acid in the 
absence of acetic anhydride (J., 1927, 832). 

Our value for the Ag hey? of m-nitrobenzyl chloride (15-5%) formed by nitration of benzyl chloride 
differs largely from the figure (4-2%) deduced by Holleman from results of thermal ——_ (Rec. Trav. 
chim., 1914, 38, 1); and it differs appreciably from the value (12-0%) obtained by Flirscheim and 
Holmes by an oxidation method (J., 1928, 1611). The cause of Holleman’s low result is not known, 
though the result has always seemed anomalous. Fliirscheim and Holmes record a single nitration 
experiment without controls, and probably would not claim high accuracy for the recorded result. 


In the case of benzyl chloride the predominating op-orientation is accompanied by an 
incomplete deactivation of the aromatic nucleus : the deactivating effect is most pronounced in 
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the m-positions, weaker in the o-positions, and insignificant in the p-position. We interpret 
the effect on the m-positions as meaning that the permanent +J-effect of the methyl group of 
toluene is over-compensated, when one hydrogen atom is replaced by chlorine, by the relayed 
—TI-effect of the latter; so that an appreciable inductive polarisation, —J, is exerted by the 
complete side-chain of benzyl chloride. The nuclear deactivation due to this cause is opposed 
in the op-positions, but not in the m-position, by an activating polarisability effect, +T, 
originating in the methylene electrons. This counter-effect depends on hyperconjugation, and 
is expected to be somewhat weak. Our results show that it can compensate the —/J-effect 
sufficiently to give a predominating op-orientation, but that it is just not quite strong enough to 
produce op-activation.* Evidently the side-chain of benzyl chloride falls into the central 
series of groups belonging to type 3, i.e., those which disobey the usual rule correlating orientation 
with reactivity. In our diagram we should place the group not very far from the origin, and 
quite near to the upper of the two sloping lines by which the area assigned to groups of type 3 is 
divided. 

The polarisation of the ring by the chlorine atom is clearly much smaller in benzyl] chloride than 
in chlorobenzene, doubtless because the effect has to be relayed through the methylene group 
in the former compound. On the other hand, the polarisability effect of the methylene electrons 
of benzyl chloride is likewise much smaller than that of the unshared halogen electrons of 
chlorobenzene; for the former effect depends on hyperconjugation, and the latter on conjugation. 
On the whole, the polar effects of benzyl chloride bear to those of chlorobenzene a relation similar 
to that subsisting between the polar effects of ethyl phenylacetate and those of cinnamic acid.} 


EXPERIMENTAL. 


Nitration of Benzyl Chloride. 


Method and Control Experiments.—The materials employed were purified by standard methods. 
Benzyl chloride was nitrated in acetic anhydride solution at 25°, both in the presence of benzene and alone. 
In the former case, varying quantities of nitric acid, always in deficit, were employed, and the product 
after isolation in the usual way was distilled (Dufton column) to remove benzene. The residual mixture 
of nitrobenzene, benzyl chloride, and nitrobenzyl chlorides was distilled under reduced pressure. Control 
experiments on the isolation of nitrobenzene, benzyl chloride, nitrobenzyl chlorides, and mixtures of 
these, from artificial mixtures equivalent to the diluted nitration solution, showed that the small 
experimental loss was mechanical and not selective. 

Theoretically the above mixture can be analysed (apart from the determination of individual 
isomerides) by determination of any two elements (as Cl and N), but applications to artificial mixtures 
showed that methods of this type gave unsatisfactory results owing to the large magnification undergone 
by the experimental errors during the calculations. The method which was ultimately found to be the 
most satisfactory was as follows. Chlorine was first determined. The mixture (1 part) was treated 
with 10% aqueous potassium carbonate (100 parts), and oxidised by gradual addition of very slightly 
more than the theoretical amount of a 3% potassium permanganate solution which also contained 10% 
of potassium carbonate (Ingold and Ingold, J., 1928, 2261), the object of the carbonate being to facilitate 
the oxidation of benzyl chlorides by their prior hydrolysis to benzyl alcohols. From the acid oxidation 
products, isolated as usual, nitrobenzene was removed, and the benzoic, and total nitrobenzoic, acids 
determined by volatilisation of the former. As a control, benzyl chloride and the three nitrobenzyl 
chlorides were separately oxidised by the same method; each gave the corresponding acid in 93 + 1% 
yield, wherefore the oxidation is not appreciably selective. The whole process was then repeatedly 
checked on artificial mixtures of benzyl chloride, nitrobenzene, and the three nitrobenzyl chlorides, and 
shown to yield satisfactory results; thus (control expt. 1) a mixture of o-nitrobenzyl chloride 3-65%, 
the m-isomeride 0-40%, the p-isomeride 5-04% (total 9-1%), nitrobenzene 19-5%, and benzyl chloride 
71-4%, gave, on analysis, nitrobenzyl chlorides 9-4%, nitrobenzene 19-5%, and benzyl chloride 71-:1% 
(errors within 0-3%). The internal consistency of the results tabulated below shows that the method . 
is equally satisfactory in its application to the mixtures obtained by nitration. 

The calculation of the quantities of benzyl chloride and benzene nitrated involves the following 
considerations. In view of the non-selectivity of the oxidation (above), the ratio of the mols. of benzoic 
acid to those of nitrobenzoic acids is equal to the ratio of the mols. of benzyl chloride to the mols. of 
nitrobenzyl chlorides. The chlorine content depends essentially on the sum of the quantities of benzyl 
and nitrobenzyl chlorides, whence these are individually calculable, and the nitrobenzene follows by 
difference. From the high yield and non-selectivity of the process of isolation of the mixture of benzyl 
and nitrobenzyl chlorides and nitrobenzene (above) it follows that the determined proportions of these 
are the proportions in which they were present before isolation; but since unchanged benzene, owing to 
its volatility, cannot conveniently be isolated in satisfactory yield, it is necessary to know the yield of 
the mixture of constituents isolated. For this purpose the ratio of the sum of the molecules of benzyl 


* Steric hindrance may retard ortho-substitution, but it does not seem = at present to 
attempt an assessment of that factor in relation to the observed differences of reactivity between the 
o- and p-positions of either of the compounds treated in this paper. 

Our original plan for this research included the examination of w-chlorostyrene : the above com- 
parison would have been closer if we could have referred to this substance, instead of the most nearly 
analogous available example, that of chlorobenzene. 
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and nitrobenzyl chlorides obtained to the molecules of benzyl chloride used is taken to represent the 
yield of the whole mixture including the nitrobenzene, this assumption being again based on the 
established absence of selection during isolation. 

The determination of the proportions of the isomeric nitrobenzyl chlorides obtained by nitration was 
carried out as described by Baker and Ingold (J., 1926, 2462) except that the method of oxidation was 
that mentioned above. The results were controlled in two ways, namely, (1) by oxidation of individual 
nitrobenzyl chlorides followed by application of the analytical methods to artificial mixtures of nitro- 
benzoic acids, and (2) by application of the complete process to artificial mixtures of the nitrobenzyl 
chlorides. 

Results —The relationship connecting the molecular ratio (R) in which two aromatic substances, 
%, and y, mols. of which were originally present, are simultaneously nitrated by a deficit of nitric acid, 
with the ratio of the velocity coefficients, was given in Part I as 


= loe{t — 5° (7 Fw)} [owt - H(i -)} 


where R = (V9 — Voo)/(%o — *a) aNd 2 = % + Vo — %¥m —Vo- Since this is based on the assumption 
that both reactions follow the same mechanism, and since the data representing nuclear activation 
depend inter alia on the accuracy of this supposition, the present experiments were carried out to test 
the matter. As 2, the amount of nitric acid used, tends towards zero, k,/k, tends to equality with R; 
otherwise, k,/k, always has a value on the side of R remote from unity. The meaning of this property is, 
of course, that when 2, is small, z is the sole effective concentration variable, whence the velocities will 
bear, at every moment, a constant ratio, which is that in which the products are formed; whereas, 
when 0 < zg < % + ¥o the slower reaction can partly catch up the other during the tail-period of the 
latter; and when z, = % + 7» the overtaking would be complete excepting for any disturbance due to 
dinitration. The test of the expression is therefore the constancy of ky/k, when a progressive variation 
of z, causes a drift in the value of R. That this test is satisfied is shown by the last three columns of 
Table II, in which y relates to benzyl chloride and # to benzene. The quantities originally present, 


TABLE II. 


Simultaneous Nitration of Benzyl Chloride and Benzene with Different Proportions of Nitric 
Acid in Acetic Anhydride at 25°. 


No. Yield (%). 4% —%o- VYo—Va- Ze: R Ry|kg. 


1 90-7 0-172 0-0560 0-22 0-326 0-305 
3 90-0 0-173 0-0555 0-228 0-321 0-300 
3 87-0 0-235 0-0795 0-315 0-337 0-307 
4 93-1 0-257 0-0855 0-343 0-332 0-301 
5 92-2 0-307 0-104 0-411 0-339 —yj. 0-300 
6 91-1 0-376 0-132 0-508 0-351 0-301 

Mean 0-302 


%, and yp (for actual weights see Table III), were equivalent to the necessary order of accuracy, and are in 
each case taken as 1-000 mol. The yields recorded in the second column are those of the mixture of 
unchanged benzyl chloride and nitration products isolated (seeabove). The actual weights and analytical 
data necessary for the determination of %, — +,, and yp — y,, are given in Table III. 


TaBLe III. 
Data for the Calculations given in Table II. 
Benzyl Distilled : Mixture .Nitro- 
chloride Benzene product Cl-determina- Mean oxidised Benzoic benzoic 
No. (g.). (g.). (g.). tions (%). C1(%). (g.). _— acid (g.). acids (g.). 
1 1510 «= 9316-269 {53°88 53.57} 23-65 «= 1331711420 (0-0925 
2 15-05 928 16-060  23-57,23-61 23:59 10803  0-7898 0-061 
3 13-82 8-52 15-112  22-15,22-43 22-29 1-0226  0-7876 + —0-0940 
4 1335 823 15:90 {2701 2005) 91-93 15218 0-9540 01219 
5 12-85 792 16°79  20-86,21-13 21-00 0-9924  0-5827 00-0934 
6 13-60 839 617-49 { 18-85, OSS} «19°87 = s*1-8591 = 1001002102 


Thus the effect of doubling z, is to cause the observed ratio R to increase by about 10%, whilst the 
value of ky /k, calculated from the formula remains constant to +1%. (The mean value of k,/k, is given 
as k’/k in the introduction.) 

The rtions of the isomerides formed when benzyl] chloride is nitrated as above except for the 
absence of me were determined by methods which have been —* previously (e.g., J., 1926, 
2462; 1927, 813; 1928, 2249). The results are recorded in Table IV, and the experimental data 


necessary for the correction of the mean values (A), by the two methods (1 and 2) mentioned above, are 
given in Table V, This table also contains the two corresponding sets of corrected mean values (A, and 
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A,); these ought to be identical, and their divergence indicates the order of the error. The mean values 
(A 12) Of the two sets of corrected means are in the bottom line, and these are the values which have 
been employed, in conjunction with the data of Table II, to calculate the partial rate factors recorded 
in Table I. 


TABLE IV. 


Nitration of Benzyl Chloride Alone in Acetic Anhydride at 25°. 


Yield of distilled Found Cl (%) 
mononitro-derivs. (theory Yield of acids by 
9 


No. (%). 20-8%). oxidation (%). Meta(%). Para (%). 
1 87 21-0 93-0 14-1 50-3 
2 86 21-0 93-0 14-4 513 
3 86 21-0 94-3 14-0 51-3 
4 89 20-9 93-6 14-4 50-7 
Means 14-2 50-9 . . (A) 
TABLE V. 


Data fov Correcting the Results in Table IV. 


Method of 

Ortho (%). Meta(%). Para(%). correction. 
Composition of artificial mixture of acids ......... 35-0 15-0 50-07 
Composition found (i) ........sececeseeeeeeeeeeceeeees = 13-0 49-2 
Composition found (ii) ..........scceeeeeeeeerereeeeeees _- 13-4 49-6 (1) 
Composition found (Mean) ...........sseseeeereeeeeee = 13-2 49-4 
Corrections to (A) for oxidation (see p. 578)...... — + 0-0 + 0-0 
Corrections to (A) for analysis of acids ............ — + 18 + 0-6 
Means (A) corr. by (1) (0- by difference) ......... 32-4 16-0 515. - (A,) 
Composition of artificial mixture (a) of chlorides 25-0 16-7 58-3 
Composition of acids from (a): Found (ia) ...... — 15-9 55-8 
Composition of acids from (a): Found (iia) ...... a 16-0 ‘— (2) 
Composition of artificial mixture (b) of chlorides 32:3 14-6 53-1 
Composition of acids from (b) : Found (ib) ...... -= 13-9 50-5 
Corrections to (A) for oxidation and analysis...... —- + 0-8 + 2-5 
Means (A) corr. by (2) (o- by difference) ......... 31-6 15-0 53-4. . . (As) 
Means of corr. means A, and Ag .......eeeeeeeeeeee 32-0 15-5 525. . . (Ags 


Nitration of Ethyl Phenylacetate. 


Method and Control Experiments.—The method of nitration, the control experiments, and the methods 
of analysis and calculation, were generally similar to those employed for benzyl chloride, and therefore 
only the more important differences are mentioned. 

The nitrations, with and without benzene, were carried out both at 25° and at 45°; 24 hours were 
allowed to ensure completion. 

For the analysis of the mixtures of phenyl- and nitrophenyl-acetic esters and nitrobenzene, isolated 
by distillation, determinations of OEt by saponification replaced the Cl-determinations of the experiments 
on benzyl chloride, and the determination of phenylacetic acid in the acidic hydrolysis products replaced 
the determination of benzoic acid in the acidic oxidation products in the other series. After 
saponification, the nitrobenzene was removed by extraction with ether from alkaline solution; the 
mixture of phenyl- and nitrophenyl-acetic acids was then quantitatively reduced with titanous chloride, 
and the phenylacetic acid removed from the acid solution. In one experiment, the results were checked 


by oxidation to benzoic and nitrobenzoic acids and then proceeding as in the experiments on benzyl 
chloride. 


TABLE VI. 
Simultaneous Nitration of Ethyl Phenylacetate and Benzene in Acetic Anhydride at 25° and 45°. 

Yield Mean Mean 
No. Temp. (%). %—Z%ea- Yo Vo- ze: R. R. ky |Rz- hy |Rz- 
1 25° 92-1 0-139 0-418 0-557 3-01 3-01 3-64 3-65 

2 25 94-5 0-142 0-421 0-563 2-97 3-60 
0-141 0-422 3-00 3:03 3-63 3-66 

0-137* 0-426 * 3-11 3°75 
3 25 98-9 0-160 0-476 0-636 2-97 2-97 3-68 3-68 
Mean 3-66 

4 45 87-4 0-129 0-383 0-512 2-98 3-52 
0-129 0-382 2975 797 3.535 3°52 


* By oxidation. 
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TABLE VII. 
Data fov the Calculations in Table VI. 
. 


Ethyl Nitro- 

phenyl- Distilled OEt deter- Acids Phenyl- phenyl- 

No. acetate Benzene product minations Mean reduced acetic acetic 
[25°]. (g.). (g.). (g.). 430), OEt (%). (g.). acid (g.). acid (g.). 

2 11-15 5-30" 12-857 22-25, 22-75 22-50 1-5305 0-7786 0-7519 

1-3527 0-6838 0-6689 
1-8310* 0-5202¢  0-5462 tf 

3 10-25 4-88 12-630 22-11, 21-85 21-98 1-2351 0-5612 0-6739 

[45°] , 7 : 23-32 
4 10-82 515 11-396 {99.71 99-67} 22-90 130600720705 853 
1-2450 0-6893 0-5557 
* Acids oxidised. + Benzoic acid. ¢ Nitrobenzoic acids. 


The nitrations of ethyl phenylacetate alone were carried out in exactly the same way, except for the 
absence of the benzene and the use of sufficient nitric acid to complete the nitration. The distilled 
mononitration products (pale-yellow and semi-solid) were treated just as were those obtained from benzyl 
chloride, except that the results were corrected by method (2) only. Ethyl o-nitrophenylacetate was 
prepared by Reissert and Scherk’s method (Ber., 1898, 31, 395), ethyl em gen my (Found: C, 
56-8; H, 5-1. Cj H,,0O,N requires C, 57-4; H, 5-2%) by a similar process, and the p-isomeride by 
Maxwell's method (Ber., 1879, 12, 1767). 

Results.—The symbols in Table VI have the same meaning as in Table II, excepting that y now 
relates to ethyl phenylacetate. The values marked with an asterisk were obtained by the oxidation 
method (see above), and may be less exact than the others, since the complete set of controls (compare 
expts. on benzyl chloride) were not performed: the object of the experiment was to provide a rough 
check only. The results of the experiment at 45° are not utili in the introduction since they 
are regarded as insufficiently established by the single set of data given in the Table. Table VII records 
the + and analytical results by means of which the values of 7 — *,, and ¥» — y,, given in 
Table VI have been calculated. As before, the initial quantities of ethyl phenylacetate and benzene 
were equivalent, and %, and yp are taken as unity. 


TABLE VIII. 
Nitration of Ethyl Phenylacetate Alone in Acetic Anhydride. 


Yield of Yield of 

distilled C (%) H (%) acids by 

nitration (calc., calc., oxidation 

No. Temp. product(%). 57-4%). 52%). (%). Meta (%). Para (%). 
1 25 89 56-4 5-2 93-6 8-3 49-9 
2 25 92 57-2 5:3 92-1 9-0 48-9 
57-3 5-2 93-3 9-1 49-1 
3 25 * 90 57-0 5:3 94-0 8-9 49-5 
Means (B) 8-8 49-3 
4 45 97 56-4 5-0 81 10-5 47-6 
56-6 5-1 89 10-2 49-8 
‘ Means (B’) 10-4 48-7 
TaBLe IX. 


Data for Correcting the Results in Table VIII. 


Composition artificial mixture (a) of nitrophenylacetic esters... 42-7 46-1 
Composition artificial mixture (6b) of nitrophenylacetic esters... 44-1 11-7 44-2 
Composition artificial mixture (c) of nitrophenylacetic esters... 40-2 10-6 49-2 
DOE SOE BENE FE) cccccesccscevcercccovoseccsocccsocososseescesacesee 9-6 53-4 
OCS TG TENE BY neve cocccccdccsscessccccccensoocepsatescesenssosoce —_ 9-4 46-6 
BNE SOP TATMIO LED oc socicnscesictccsinsdscedctnocinésivenscesvescssoce a 9-0 50-4 
Corrections to be applied to means (B and B’) ...........seeeeees = + 18 — 19 
Means (B) corrected (B,; temp. 25°) (o- by difference) ......... 42-0 10-6 47-4 
Means (B’) corrected (B,’; temp. 45°) (o- by difference) ...... 41-0 12-2 46-8 


The proportions in which the isomerides are formed when ethyl phenylacetate is nitrated as above 
excepting for the absence of benzene are recorded in Table VIII, with yields and analytical figures. The 
data required for the correction of the means values (B and B’) given in Table VIII, together with the 
corresponding corrected means (B, and B,’), are in Table IX. e corrected means (B,) are those which 
have been used, with the mean given in Table VIII, to calculate the values recorded in Table I. 


THE UNIVERSITY, LEEDs. [Received, June 7th, 1948.) 
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124. Nucleotides. Part II. A Synthesis of Adenosine 
Triphosphate. 


By J. Bappitry, A. M. MicHELson, and A. R. Topp. 


Adenosine-5’ triphosphate (I), identical with adenosine triphosphate isolated from natural 
sources, has been synthesised by bringing the silver salt of adenosine-5’ dibenzyl pyrophosphate 
(IV) into reaction with dibenzyl chlorophosphonate and submitting’ the product to hydro- 
genolysis. The synthetic material has been characterised as its triacridinium salt, m. p. 209°, 
an acridinium salt, m. p. 218°, having the composition (adenosine-5’ triphosphate)., (acridine) , 
and as the hexahydrate of its dibarium salt. Its biological activity corresponds to that of the 
natural product. 


In Part I of this series (Baddiley and Todd, J., 1947, 648) methods for the synthesis of muscle 
adenylic acid (adenosine-5’ phosphate) and adenosine diphosphate (adenosine-5’ pyrophosphate), 
identical with the naturally occurring coenzymes, were described, and it was stated that an 
extension of the investigations in the direction of adenosine triphosphate was in progress. The 
present memoir deals with these further studies, which have resulted in the total synthesis of this 
biologically important substance. Adenosine triphosphate, first isolated from muscle extracts 
in 1929 (Lohmann, Naturwiss., 1929, 17, 624; Fiske and Subbarow, Science, 1929, 70, 381), 
plays a vital part in many biological processes, and according to current views its breakdown 
provides the energy used in muscular contraction; it has been employed from time to time in 
clinical medicine. By acid hydrolysis of adenosine triphosphate, 1 mol. of adenine and 2 mols. 
of phosphoric acid are liberated rapidly, the third phosphorus atom appearing as p-ribose-5 
phosphate, and Lohmann’s investigations (Biochem. Z., 1931, 238, 460; 1932, 254, 381; 1935, 
282, 120) led him to formulate it as adenosine-5’ triphosphate (I). This structure was not 
universally accepted, it being maintained by certain workers (Satoh, J. Biochem. Japan, 1936, 
21,19; Barrenscheen and Jachimowicz, Biochem. Z., 1937, 292, 350) that adenosine triphosphate 
showed properties incompatible with such a structure. Further titrimetric and enzymatic 
evidence in favour of structure (I) was provided by Gulland and Walsh (J., 1945, 169), and finally 
its correctness was established by Lythgoe and Todd (Nature, 1945, 155, 695) by the method 
of periodate oxidation. Quite apart from its great biological interest, adenosine triphosphate 
is unique among organic compounds in that it is the only known derivative of triphosphoric acid. 
As might be expected both from structure (I) and from its biological function, it is an extremely 
unstable compound, being very readily degraded by alkalis to muscle adenylic acid. It is 
normally isolated from muscle as its barium salt, but even in this form it undergoes 
slow decomposition; at room temperature it loses much of its biological activity by hydrolysis 
in a few weeks. This instability makes its preparation in a pure state from muscle a matter 
of difficulty, and complicates the problem of its synthesis by chemical mhethods. 

Since adenosine (9-8-p-ribofuranosidoadenine) has already been synthesised (Davoll, Lythgoe, 
and Todd, /., 1948, 967), the outstanding problem in an adenosine triphosphate synthesis is the 
attachment of a triphosphate residue to the 5’-position in that compound. In Part I (loc. cit.), 
adenosine-5’ pyrophosphate was synthesised by condensing silver adenosine-5’ benzyl phosphate 
(II) with dibenzyl chlorophosphonate in glacial acetic acid solution and directly hydrogenating 
the crude resinous adenosine-5’ tribenzyl pyrophosphate (III), adenosine-5’ pyrophosphate 
being finally isolated as its crystalline acridinium salt. The route envisaged for the synthesis of 
adenosine triphosphate involved partial debenzylation of adenosine-5’ tribenzyl pyrophosphate 
to adenosine-5’ dibenzyl pyrophosphate (IV), and condensation of the latter in the form of a 
metallic salt with dibenzyl chlorophosphonate followed by hydrogenolysis of the adenosine-5’ 
tetrabenzyl triphosphate (V) produced. There were certain obvious difficulties to be surmounted 
before such a scheme could be realised. Selective monodebenzylation of a pyrophosphate such as 
(III) was likely to be a more difficult matter than monodebenzylation of adenosine-5’ dibenzyl 
phosphate, and step (IV) ——> (V) was expected to give trouble, if only because fully esterified 
polyphosphoric acids had been observed in other studies in these laboratories to be even more 
unstable (i.e., more potent phosphorylating agents) than the free acids themselves. As a 
preliminary, the methods used by Baddiley and Todd (loc. cit.) for the synthesis of adenosine 
diphosphate were re-examined with the object of improving yields so that such intermediates as 
(III) might be more readily available. It was found that the yield of 2’ : 3’-isopropylidene- 
adenosine-5’ dibenzyl phosphate previously recorded (Part I, loc. cit.) was too low; in many 
subsequent experiments the yield has been 70—75%. The use of glacial acetic acid as a medium 
for condensing the silver salt of adenosine-5’ benzyl phosphate (II) with dibenzyl chloro- 
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phosphonate gave consistently low yields. A variety of alternative solvents was tried in its 
place, and finally a mixture of phenol and methyl cyanide was selected for regular use; using it 
the yield of pure adenosine diphosphate, isolated as its acridinium salt, is normally 55%. 
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(R = Adenosine-5’ residue.) 


In the original synthesis of adenosine diphosphate (loc. cit.), the intermediate adenosine-5’ 
tribenzyl pyrophosphate (III) was not isolated in pure form. Upon attempting to purify the 
condensation product of adenosine-5’ benzyl phosphate (II) with dibenzyl chlorophosphonate 
in glacial acetic acid it was evident that it was far from pure and that it contained acidic material - 
the proportion of which increased during purification experiments. The acidic material was 
isolated, and from its analysis and behaviour it was undoubtedly adenosine-5’ dibenzyl 
pyrophosphate (IV). The same tendency to debenzylation was shown by the purer specimens of 
(III) obtained when phenol—methyl cyanide was used as the condensation medium in their 
preparation. In view of this, and since for an adenosine triphosphate synthesis (IV) is the key 
intermediate, attempts to isolate (III) in a state of purity were not further pursued. Instead, 
the crude condensation product containing (III) was directly treated with N-methylmorpholine, 
according to the quaternisation procedure of Baddiley, Clark, Michalski, and Todd (forthcoming 
publication),* so that all the tribenzyl ester present was mono-debenzylated to (IV), which 
could be isolated as a crude silver salt. It is considered that the adenosine-5’ dibenzyl pyro- 
phosphate so obtained is correctly formulated as (IV). The mono-debenzylation of mixed 
pyrophosphates has not yet been thoroughly investigated, and if the quaternisation were 
random, in the sense that any one of the benzyl groups might be removed, then one might 
expect to find that the debenzylated material, although mainly (IV), would contain a proportion 
of an isomer having structure (VI). On various grounds, however, we expected that the 
mono-debenzylation of (III) would not be random and that the main reaction would be removal 
of one of the adjacent terminal benzyl residues to yield (IV); that some of the isomeric (VI) 
may have been formed is, of course, possible, but the successful synthesis of adenosine triphosplHate 
{which from titration results must have structure (I) and not the isomeric one derived from 
(VI)] and our failure to find any evidence for the presence of an isomeric triphosphate in the 
synthetic product from our adenosine-5’ dibenzyl pyrophosphate are strong evidence for the 
correctness of our view of its nature. 

In initial attempts to prepare adenosine triphosphate by condensing the crude silver salt of 
(IV) with dibenzyl chlorophosphonate, followed by direct hydrogenation to avoid isolating the 
unstable tetrabenzyl ester (V), choice of solvent for the condensation gave some trouble owing, 
apparently, to the fact that the particular sample of phenol used in che first trials gave products 
which could not be hydrogenated. This difficulty has not since been encountered, but as a 
result the first evidence of successful adenosine triphosphate synthesis was obtained from 
experiments in which glacial acetic acid was used as a reaction medium. This procedure gave 
crude products which contained low and variable amounts (7—15%) of the desired product as 
assayed enzymatically by means of adenosine triphosphatase. Subsequently, using phenol— 

* The term “ quaternisation ’’ is here used to indicate debenzylation by a process depending on the 
transfer of a benzyl residue from oxygen to nitrogen with formation of a quaternary salt. 
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methyl] cyanide as reaction medium and carrying out the hydrogenation step in aqueous dioxan, 
we obtained crude products (isolated as barium salts) containing ca. 40% of adenosine triphosphate 
by enzymatic assay. As the chief impurities (also assayed enzymatically) were adenosine 
diphosphate and inorganic pyrophosphate, it is reasonable to assume that the initial condensation 
product contains a higher proportion of (V) than that corresponding to the adenosine triphosphate 
isolated and that considerable loss occurs by decomposition in the later stages; it seems possible 
that some modification of these later stages or more rapid working might lead to improved 
yields of final product. 

From the crude barium salt obtained as above, pure adenosine-5’ triphosphate was prepared 
in the form of its triacridinium salt (Wagner-Jauregg, Z. physiol. Chem., 1936, 239, 188) and 
as a second acridinium salt in which the molar ratio adenosine triphosphate : acridine is 2: 5. 
Both these salts were identical with the corresponding salts prepared from natural adenosine 
triphosphate, showed no depression in m. p. when mixed with them, and had the correct ratio 
of acid-labile phosphorus (i.e., phosphorus liberated as phosphate in 15 minutes at 100° with 
n-hydrochloric acid) to acid stable phosphorus. For further characterisation the barium salt 
was prepared; this had the properties recorded by Lohmann (Biochem. Z., 1931, 238, 460) and 
was obtained as the known hexahydrate. All the synthetic materials were submitted to 
enzymatic assay, the acridinium or barium salts being converted in solution into sodium salt and 
assayed by the three enzyme systems, adenosine triphosphatase, adenosine triphosphatase 
+ myokinase, and yeast inorganic pyrophosphatase (Bailey, Proc. Biochem. Soc., 1948, 42, lviii). 
The analytically pure synthetic salts showed by this method biological activity comparable with 
that of the pure salts of natural adenosine triphosphate. 

Wagner-Jauregg (/oc. cit.) recorded two acridinium salts of adenosine triphosphate. One 
of these, the triacridinium salt, we have also obtained, but not the other in which the molar ratio 
adenosine triphosphate to acridine was 1°2:2. It seems possible that Wagner-Jauregg’s 
product may have been an impure specimen of the well-defined salt of composition (adenosine 
triphosphate),, (acridine); which was obtained in our investigations from both natural and 
synthetic material. At any rate, we found no evidence for the formation of any other definite 
compound. As yet we have made no thorough study of the stability of salts of adenosine 
triphosphate, but it seems clear that all the metal salts so far known are hydrated. This fact 
probably explains their tendency to decompose on storage, and in order to achieve stability it 
would be desirable to use some base which would yield a crystalline anhydrous salt.* 


EXPERIMENTAL. 


Adenosine-5’ Pyrophosphate.—Replacement of the acetic acid as condensation medium in the method 
of Baddiley and Todd (Joc. cit.) by a mixture of phenol (40 g.) and dry methyl cyanide (8 c.c.) and reduction 
of the amount of dibenzyl chlorophosphonate used by half, gave a 55% yield (calculated on 
silver — benzyl phosphate) of the acridine salt of adenosine-5’ pyrophosphate, m. p. 215° 

decomp.). 

' ‘Adenosine-b' Dibenzyl Pyrophosphate.—(a) Dibenzyl chlorophosphonate (from 4 g. of dibenzyl 
hosphite) was added to a suspension of silver adenosine-5’ benzyl phosphate (Baddiley and Todd, 
oc. cit.) (4 g., dried for 12 hours at 110°/1 mm.) in anhydrous acetic acid (100 c.c.) at 50—60°, and the 

mixture shaken for 30 minutes. After standing overnight at room temperature in the dark, the mixture 

was filtered and the filtrate evaporated under reduced pressure to give a residue which was evaporated 

thrice with alcohol and the gummy residue stirred with chloroform. Insoluble material (1-4 g., m. p. 

ca. 72°) was filtered off (Found in material dried for 12 hours at 50°/1 mm.: C, 43-9; H, 5-1; N, 13-9. 

Adenosine-5’ tribenzyl pyrophosphate, C;,H;,0,>N,P,, requires C, 53-4; H, 4-7; N, 10-0; adenosine-5’ 

dibenzyl pyrophosphate, C,,H,,0O,)N,P,, requires C, 47-5; H, 4:5; N,11-5%). Thechloroform solution - 

was washed with dilute sodium hydrogen carbonate solution till neutral and then with water, dried 

(Na,SO,), and freed from solvent under reduced pressure. The white semi-solid residue was dissolved in 

alcohol and filtered into ether. On standing at 0° overnight a small quantity of a fine white powder 

separated. This product was strongly acidic and had m. p. ca. 115° (Found in material dried for 12 hours 

at 50°/1 mm.: C, 45-8; H, 48; N, 11-3; P, 10-0. _C,,H,,O,)9N,P,,H,O requires C, 46-1; H, 4-6; N, 
11-2; P,9-9%). The silver salt was precipitated as a white powder on adding silver nitrate to a solution 

of the acid in a mixture of dimethylformamide and dilute aqueous sodium hydroxide. 

(b) Dibenzyl chlorophosphonate (from 4 g. of dibenzyl phosphite) was added to a solution of silver 
adenosine-5’ benzyl phosphate (5 g., dried for 12 hours at 110°/1 mm.) in a mixture of absolute phenol 
(50 g.) and methyl cyanide (10 c.c.) at 50°, and the solution kept at this temperature for 15 minutes, 
during which time silver chloride separated. The mixture was then poured into dry ether (300 c.c.) and 
the precipitated solid filtered off, washed well with ether, and dried at room temperature/1 mm. for 
3 hours. The crude adenosine-5’ tribenzyl pyrophosphate was dissolved in dry dimethylformamide 


* Added in proof.—Since the above was written, we have kept a specimen of the air-dried 
triacridinium salt of synthetic adenosine triphosphate for eight months at room temperature in a cork- 
stoppered tube without any special precautions; enzymic assay has disclosed no appreciable diminution 
in its activity. 
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(40 c.c.), N-methylmorpholine (1-5 c.c.) added, and the 7 ellow solution heated on the water-bath 
i 


in a stop round-bottomed flask for 15 minutes. Silver chloride was removed by filtration of the 
hot solution through “‘ Hyflo supercel ’’; the filtrate, on being poured into dry ether (300 c.c.), deposited 
a gum which, after being washed with ether, was dissolved in aqueous dimethylformamide (100 c.c. of 
10%), a little sodium hydroxide (3 c.c. of N) being added to bring the solution to neutrality. To the 
filtered solution, silver nitrate (5 g.) in water (20 c.c.) was added, and the crude silver salt (6-2 g.) filtered 
off after 2 hours, washed well with water then acetone, and dried for 12 hours at 60°/1 mm. (Found: Ag, 
16-8. Calc. for C,,H,gOiN,P,Ag: 15°1%). This crude salt was not further purified but was used 
directly for adenosine triphosphate synthesis. 

Crude Barium Adenosine-5’ Triphosphate (ca. 40%).—To a solution of the above silver salt (6 g., 
P as in (b) above] in a mixture of phenol (50 g.) and methyl cyanide (10 c.c.) at 50°, dibenzyl 
chlorophosphonate (from 4 g. dibenzyl phosphite) was added, and the solution kept at 50° during 15 
minutes and then poured into dry ether (350 c.c.). The precipitated solid was filtered off, washed well 
with ether, dried under reduced pressure at room temperature + hours, and dissolved in aqueous 
dioxan (200 c.c. of 50%). Silver chloride was spun off, and the solution hydrogenated at room 


temperature and ———— a pn with a mixture of jum oxide and palladised carbon catalysts. 
After absorption of hydrogen ceased (365 c.c. in ca. 2 hours), catalyst was removed by filtration, and 
barium hydroxide added to the strongly acidic solution to bring it to i 6; the precipitated barium salt 
was centrifuged off, washed twice with water, dissolved in cold hydrochloric acid (approx. 170 c.c. of 
n/10), centrifuged from insoluble matter, and reprecipitated with two volumes of 95% ethanol. The 
collected barium salt was again dissolved in cold hydrochloric acid (ca. 200 c.c. of N/20) and centrifuged, 
and 20% barium acetate solution was added to the supernatant liquid to bring it to pH 4-6. The barium 
salt was centrifuged off, washed with water, once with 50% ethanol, twice with 95% ethanol, and once 
with ether, and dried in a vacuum at room temperature over phosphoric oxide. Yield, 1-8—2-0 g. 
Enzyme tests by the method of Bailey (Joc. cit.) indicated a composition (expressed as % of 7-minute 
phosphorus): adenosine triphosphate 37 molar %; adenosine diphosphate 23 molar %; inorganic 
pyrophosphate 18 molar %. 

Preparation of Acridinium Salts from Crude Barium Adenosine-5’ Triphosphate.—To the crude barium 
salt (1-125 g.) suspended in water (2 c.c.), dilute sulphuric acid (5-1 c.c. of N) was added. Barium 
sulphate was spun off and washed several times by centrifugation with small quantities of water. Acridine 
(0-705 g.), dissolved in a little warm ethanol, was added to the collected supernatant liquids, and the 
mixture of acridine salts warmed to solution (total vol. ca. 30 c.c.)._ Fractional crystallisation yielded 
a small amount of an egg-yellow triacridinium adenosine-5’ triphosphate, m. p. 209° (decomp.), from the 
middle fractions (Found in material dried overnight at room temperature/1 mm. over phosphoric oxide : 
N, 10:2; P, 9-0. CyH,,0,;3;N;P;,3C,,;H,N requires N, 10-7; P, 8-9; a monohydrate requires N, 10-5; 
P, 88%). Wagner-Jauregg (Joc. cit.) reports a hexahydrate of the triacridinium salt obtained by drying 
over calcium chloride in a vacuum, but gives incorrect calculated figures for this compound. Determin- 
ation of acid labile phosphorus (i.¢., phosphorus removed in 15 minutes at 100° with n-hydrochloric acid) 
and total phosphorus in a solution of adenosine triphosphate prepared from this acridinium salt gave 
ratios Prota/Pisvite = 1-505, and Pispie/Pstanie = 1-98; the calculated ratios for adenosine triphosphate 
are 1-5 and 2-0, respectively. Inorganic phosphate was absent. These and all other B. osphorus 
determinations recorded in this —_ were carried out by the colorimetric method of Allen (Biochem. J., 
1940, $4, 858). The least soluble fraction yielded a lemon-yellow acridinium salt, m. p. 218° (decomp.), 
identical with that obtained from authentic natural barium adenosine triphosphate by Wagner-Jauregg’s 
method (using 3-2 mols. of acridine) (Found : N, 11-5; P, 9-9; Peotat/Piapie, 1°59. 2CygH,,.0,3N,P3,5C,3Hy 
requires N, 11-0; P, 9-8%; Protsi/Pisvae, 1-5). This salt differs in solubility and m. p. from the substance 
1-2C49H,,.0,;N,P3,2C,,H,N,4H,O reported by Wagner-Jauregg (loc. cit.). The action of adenosine 
triphosphatase on sodium salts from both the synthetic and the natural acridinium salts of m. p. 218° 
indicated high purity. Inorganic phosphate was absent from both. 

Purification of Crude Bartum Adenosine-5’ aS ae ype - via the Mercury Salt.—To the crude barium 
salt (1-5 g., purity ca. 40%) in water, dilute sulphuric acid (7-5 c.c. of N) was added, barium sulphate 
spun off and washed well by centrifugation, and the supernatant liquids treated with acridine (0-96 g.) 
in ethanol to remove pyrophosphate as the very soluble acridine pyrophosphate. After standing 
overnight at 0°, the deposited solid (0-54 g., m. p. ca. 205°; enzyme assay 58% adenosine triphosphate, 
16% adenosine diphosphate) was filtered off, ed with a little water, and suspended in water (100 c.c.). 
n/10-Sodium hydroxide was then added until the yellow colour had completely disappeared (pH 6), and 
the acridine removed by 3 successive washings with ether. The solution was then acidified to pH 1 
with nitric acid, and mercuric nitrate solution (34-6 g. in 12-5 c.c. of water + 12-5 c.c. of concentrated 
nitric acid) added, drop by drop, the precipitate being allowed to settle each time, until no more was 

roduced (0-5 c.c.). e mercuric salt was spun off, washed with water, and then suspended in water 

100 c.c.) and cooled in ice, and hydrogen sulphide passed through for 45 minutes. ercuric sulphide 
was spun off, re-suspended in water (25 c.c.), hydrogen sulphide passed for a further 15 minutes, and the 
mixture again centrifuged. To the combined supernatant liquids barium acetate solution was added 
to pH 5 (10 c.c. of 20%), and the precipitate of barium salt centrifuged off and dissolved in cold hydro- 
chloric acid (ca. 40 c.c. of N/10). Insoluble material was spun off, and the barium salt ee oT 
addition of barium acetate solution (1 drop) and sodium hydroxide (3 c.c. of N) to pH 4, centrifuged, 
redissolved in hydrochloric acid (10 c.c. of N/10), insoluble material again spun off, and barium acetate 
solution (0-6 c.c.) added to bring the solution to _ 4-2. The precipitated barium salt was collected and 
again redissolved in cold hydrochloric acid (N/10), and finally precipitated at pH 6 by addition of barium 
acetate and sodium hydroxide (N/10), washed twice with water, once with 50% ethanol, twice with 95% 
ethanol, and once with ether, and dried in a vacuum at room — over phosphoric oxide (0-18 g. ; 
Enzyme assay, 80% adenosine triphosphate) (Found: » 78; BP, 105%; Preotas/Piapie, 1-5. 


Cy9H,,0,;N;P,;Ba,,6H,O requires N, 7-9; P, 10-5%; Protas/Pisnme, 1°5). Inorganic phosphate was 
al t. 


Triacridinium Adenosine-5’ Triphosphate.—To the above purified barium salt (0-082 g.) in water 
PP 
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(0-15 c.c.) dilute sulphuric acid (0-396 c.c. of N) was added, barium sulphate spun off and washed thoroughly, 
acridine (0-054 g., 3-2 mol.) in a little ethanol added to the collected supernant liquids, and the crude 
acridine salt recrystallised twice from water. The pure triacridinium salt formed egg-yellow needles, 
m. p. 208—209° (decomp.) (Found in material dried over phosphoric oxide at 0°/1 mm. for 12 hours: 
N, 10-4; P, 89; Protas/Piabue, 1°5; Inorganic P, nil. Cj 9H,,0,;N,P;,3C,,H,N,H,O requires N, 10-5; 
P, 88%; Protas/Pisvie, 1°5). The salt was hygroscopic. It is formulated as a monohydrate on the 
basis of its nitrogen and phosphorus content, which can be determined accurately. Carbon and hydrogen 
determinations are known to be unreliable in the adenosine ar series, the difficulty of combustion 
leading to low results. In the present case the values obtained (C, 52-2; H, 4-9) er more closely 
with a tetrahydrate (C, 52-7; H, 4-6), but we prefer the monohydrate formulation in the circumstances. 
Confirmation of purity was also provided by enzymic assay with adenosine triphosphatase, which 
indicated that the material regenerated from the synthetic triacridinium salt contained at least 90% of 
adenosine triphosphate. A value of 100% is unlikely to be achieved from the nature of the enzyme test 
employed. The synthetic salt was identical in m. p. and had undepressed mixed m. p. with the 
triacridinium salt (Found : N, 10-4%) prepared from authentic natural ium adenosine triphosphate, 
or by treatment of the acridinium salt, m. p. 218°, of natural adenosine triphosphate with excess of 
acridine and recrystallising twice from water. 


We are indebted to Dr. K. Bailey for carrying out enzymic assays and for supplying a sample of 
purified barium adenosine triphosphate prepared from muscle extracts. Grateful acknowledgment is 
also made to Roche Products Ltd. and Imperial Chemical Industries Ltd. for gifts of material. One of 
us (J. B.) participated in this work during tenure of: I.C.I. Fellowship, and another (A. M. M.) during 
tenure of a D.S.I.R. Maintenance Grant. 
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125. The Polarography of Quinoline Derivatives. Part II.* The 
Reduction of 8-Hydroxyquinoline at the Dropping-mercury Cathode. 


By Joun T. Stock. 


Current—voltage curves of 8-hydroxyquinoline in well-buffered aqueous solutions of pH 
2—12 have been constructed, reduction occurring over the entire pH range. The waves 
correspond with the formation of dihydro- and tetrahydro-8-hydroxyquinoline. A small 
preceding wave, probably due to adsorption phenomena, is observed in acid solution. This 
wave is peculiar in that its height is almost independent both of concentration and of pH. The 
height of the single wave obtained at ca. pH 10 is directly proportional to the concentration and 
its measurement is suitable for the polarographic determination of 8-hydroxyquinoline. 


THE reducibility of 8-hydroxyquinoline at the dropping-mercury cathode was used by Gillis, 
Eeckhout, and Standaert (Meded. K. Viaamsche Acad. Wetensch., Letteren Schoone Kunsten 
Belgié, Klasse Wetensch., 1940, No. 7, 3; Chem. Zentr., 1942, II, 202) and by Zan’ko (Dopovidi 
Akad. Nauk U.S.S.R., 1940, 27, 31; Chem. Zentr., 1942, II, 1606) for the amperometric titration 
respectively of bismuth and of zinc, copper, aluminium, and magnesium. Carruthers (Ind. Eng. 
Chem. Anal., 1943, 15, 412) developed a method for the determination of magnesium by precipit- 
ation as oxine complex and polarographic determination of 8-hydroxyquinoline in the precipitate. 
He described the waves obtained in well-buffered solutions of pH 7°09—7:12 containing 0°02% 
of gelatin. Another method, based on the decrease in wave-height of a standard solution of 
8-hydroxyquinoline by precipitation of magnesium—oxine complex, has been described by Stone 
and Furman (ibid., 1944, 16, 596). These workers described the waves obtained at pH 10. The 
present work concerns the behaviour of 8-hydroxyquinoline in well-buffered solutions at 25° 
covering a pH range from 2 toca. 12. Potentials are referred to the saturated calomel electrode 
at the same temperature. Unless otherwise specified, solutions are 0°001mM with respect to 
8-hydroxyquinoline. * 

8-Hydroxyquinoline was found to be reducible over the entire pH range examined. As 
with other quinoline derivatives, the hydrogen overvoltage is considerably diminished in the 
acid part of the range (cf. Pech, Coll. Czech. Chem. Comm., 1934, 6, 126;. Tachi and Kabai, /. 
Electrochem. Assoc. Japan, 1935, 3, 250; Stock, J., 1944, 427). In strongly acid solutions a 
single poorly-defined wave A (Fig. 1, curve I) is observed. The foot of this wave is of peculiar 
shape, suggesting the presence of a small ill-defined wave. Such a wave, B (Fig. 1, curves II 
and III), preceding wave A is visible in the pH range ca. 2°5 to ca. 7. In the voltage range 
covered by wave B the galvanometer spot oscillates jerkily and a kink occurs on the electro- 
capillary curve (cf. Brdicka, Z. Elekirochem., 1942, 48, 278). 

In acid solutions there are signs of another wave immediately following wave A, but hydrogen 


* J., 1944, 427 is regarded as being Part I of this work. 
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discharge interferes with the observations. Between pH 6°3 and 6°7, wave A appeais to merge 
into this succeeding wave, producing a single wave about 80% greater in height and of half-wave 
potential (E;) about 0°1 volt more negative than expected of wave A alone (Fig. 1,curve II). In 
faintly alkaline solutions this larger wave is no longer visible; wave A is surmounted by a 
pronounced maximum (Fig. 1, curve III) and a drawn-out wave C appears at much more negative 
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potentials. Wave C persists up to about pH 10°5, where it merges into the decomposition curve 
of the supporting solution. As the pH is increased, the height of the maximum decreases, 
vanishing at about pH 9. In strongly alkaline solutions, wave A diminishes in size, and the 
diffusion current decreases much more rapidly than is attributable to the diminution of the drop 
time with potential increase (Fig. 1, curve V). 

The pronounced maximum may be suppressed with gelatin, but, as shown by Fig. 2 and as 
found with quinaldinic acid (Stock, Joc. cit.), the wave is displaced laterally. The height of the 
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‘« flat ’’ portion succeeding the maximum is also considerably diminished by small concentrations 
(<0°02%) of gelatin, but a comparison of curves II and III (Fig. 2) shows that further additions 
of gelatin required to suppress the maximum completely do not then greatly alter the wave height. 

The relationships between the half-wave potentials of the various waves and pH are shown 
in Fig. 3. For wave A the relationship Ey = — (0°95 + 0°042pH) holds up to about pH 5, and 
beyond pH 9°5 the equation is Ey = — (0°89 + 0°057pH). Up to about pH 5, the half-wave 
potential of wave B is almost constant, but between pH 5-7 and 7 it is considerably but linearly 
displaced by pH change according to Ej = — (0°45 + 0°083pH). This wave is also peculiar in 
that its height is almost independent of concentration; observed at pH 3°66 with concentrations 
of 8-hydroxyquinoline increasing from 0°5 to 3°5 x 10M, the wave height decreased by 0°17 
microamp. Ina buffer of pH 6°36, similar results were obtained. 

Wave height-pH relationships of the various waves are shown in Fig. 4 (the wave heights 
are here corrected both for the residual current and for varying drop time due to the occurrence 
of the waves at different potentials). Besides being almost independent of concentration, the 
height of wave B is but slightly affected by pH change. Curve A, with its two plateaux, is, 
except for the discontinuity due to impossibility of measurement between pH 5:3 and 6°9, 
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analogous to that obtained with quinaldinic acid. In the pH range 9°2—10°5, where wave A 

is well formed and without maxima (Fig. 1, curve IV), the wave height is directly proportional to 

concentration up to 2°5 x 10*m. Such conditions are well suited for the polarographic 

determination of 8-hydroxyquinoline (cf. Stone and Furman, /oc. cit.). 

If the diffusion coefficient (D) of 8-hydroxyquinoline be taken as being approximately equal 
to that of quinaldinic acid, viz., 0°80 x 10-5 cm.* sec.“ at 25° (Stock, Joc. cit.; cf. Kolthoff and 
Lingane, ‘‘ Polarography”, New York, 1941, pp. 40, 51), then Ilkovic’s equation, 
Iq = 605nD!Cmttt (Coll. Czech. Chem. Comm., 1934, 6, 498) may be applied (J, is the diffusion 
current or wave height, in microamps., ~ the number of electrons involved per mol., C the 
concentration in millimols./l., m the rate of flow of mercury from the capillary in mg./sec., and 
¢ the drop time in secs.). By its application to wave A in the pH range 9°2—10°6, » was found 
to be 1°03, corresponding with a one-electron change. In the other region of almost constant 
wave height, viz., between pH 2°7 and 5:2, the value of m is 2°13. 

Discussion.—The height of wave A between pH 2°7 and 5:2 indicates that two electrons are 
involved in the electrode reaction, and, since E; increases with pH, that a dihydro-derivative 
(probably polymerised) is formed. This is in accordance with the polarographic behaviour of 
quinoline (Pech; Tachi and Kabai; /Jocc. cit.) and of quinaldinic acid (Stock, Joc. cit.). The 
height of the large wave observed between pH 6°3 and 6°7 corresponds roughly with that 
required for a four-electron change and the production of a tetrahydro-derivative—probably 
1: 2:3: 4-tetrahydro-8-hydroxyquinoline (Bedall and Fischer, Ber., 1881, 14, 1368; Cavallito 
and Haskell, J. Amer. Chem. Soc., 1944, 66, 1166). Intermediate formation of a dihydro- 
derivative and its further reduction before polymerisation can occur appear likely here. In 
acid solution, the absence of a diffusion current region and the interference of wave B prevent 
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the logarithmic analysis (Kolthoff and Lingane, op. cit., p. 144) of wave A, but the smooth, steep 
form suggests that the electrode reaction might be reversible. 

Between pH 9-2 and 10°5, logarithmic analysis of wave A gives a linear curve of reciprocal 
slope 0°061. Since in this region m is unity and E; obeys the Nernst equation, there 
is little doubt that wave A here corresponds to a reversible one-electron reaction 
involving one hydrogen ion. It is suggested that the product is a free radical such 
as (I). (Ionic dissociation is disregarded here.) In acid solution (I) may be formed 
as an intermediate, but is at once further reduced to a dihydro-derivative. By 
analogy with quinoline, the 1 : 4-isomer is expected (cf. Levchenko, J. Gen. Chem. 
Russia, 1941, 11, 686; Knowles and Watt, J. Amer. Chem. Soc., 1943, 65, 410). 

As the height of wave A falls, wave C, of height somewhat less than that required for a 
one-electron change, appears. The drawn-out form of C indicates a non-reversible change. 
Although in this region waves A and C together also correspond with the formation of a dihydro- 
derivative, the non-reversible nature of C and its much more negative half-wave potential 
indicate that the mechanism of acquisition of a second hydrogen atom is different from that in 
acid solution. Electron-capture, followed by abstraction of a proton from the solvent, is possible. 
Dimerisation of (I), instead of its further reduction, may prevent the full development of wave C. 

The independence of the height of wave B of both pH and concentration, and the anomalous 
electrocapillary curve, are peculiar. Similar waves are given by riboflavin and by methylene- 
blue, and are attributed by Brdicka (Z. Elektrochem., 1942, 48, 278, 686; see also Brdicka and 
Knobloch, ibid., 1941, 47, 721) to adsorption of reduction products on the dropping-electrode 
surface. The energy of adsorption facilitates reduction, causing a wave, the height of which is 
limited by saturation of the electrode surface by adsorbed molecules, to occur before the main 
wave. 

EXPERIMENTAL. 


8-Hydroxyquinoline.—The B.D.H. “‘ AnalaR ” product was recrystallised twice from 50% alcohol 
and dried over sulphuric acid. A 0-02m-stock solution in 50% aldehyde-free — was prepared and 
stored in the dark, being diluted as required with the appropriate buffer. 

Buffer Solutions.—These were as in Part I, and were examined polarographically for reducible 
impurities. 

Apparatus.—This was almost identical with that used in Part I. All measurements, including those 
of pH, were made at 25° + 0-2°. The characteristics of the dropping electrode were: m = 1-511 
mg. sec.!, ¢ = 3-08 sec., m#t# = 1-588 (determined on open circuit in 0-1N-potassium chloride at 25°). 


The author thanks the Chemical Society for a grant. 
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126. The Stereochemistry of an Oxazoline Derivative of Threonine. 
Improvement of a Recent Threonine Synthesis. 
By D. F. EL.iott. 


The preparation of some 2-phenyl-substituted oxazoline esters by reaction of benziminoethyl 
ether with ester hydrochlorides of serine and threonine is described. 

In the threonine series this occurs with retention of configuration at both asymmetric centres. 
The cis-configuration of the oxazoline derived from allothreonine was unstable in the presence 
of aqueous alkali and was transformed into the trans-configuration with simultaneous hydrolysis 


of the ester group. This discovery was utilised for the improvement of a recent threonine 
synthesis. 


In a previous paper (Attenburrow, Elliott,and Penny, J., 1948, 310) it was shown that 
N-benzoylallothreonine ethyl ester (as I) or its O-tosyl derivative could be converted into the 
corresponding oxazoline (II) with inversion of configuration at the B-carbon atom by the action 
of thionyl chloride or potassium acetate. 


) SR kercoPn HMe-CH-CO,Et 
R NH-COPh Fa (II.) 
h 


As part of a programme of research concerned mainly with the isolation of threonine from 
proteins, a search has been made for a method of preparing the oxazoline (II) in which configur- 
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ation would be retained at both carbon atoms in the threonine molecule. Barber, Gregory, 
Slack, Stickings, and Woolman (C.P.S. 66, May 24th, 1944) showed that 2-phenyl-A*-oxazoline 
(III) was obtained when ethanolamine was heated with benziminoethyl ether. They considered 
that an open-chain, substituted iminoether was first formed and then cyclised at the higher 
temperature with elimination of alcohol. 


FH OH Et, oh = — Et, on mail fe cen 
H; 


nF HyNZ R-C(OR,):N-CH, ‘CO, Et 


(III.) (IV.) 


N-Substituted iminoethers (IV) derived from glycine ethyl ester were described by Schmidt 
(Ber., 1914, 47, 2548) and recently by Cornforth and Cornforth (jJ., 1947, 96). The latter 
authors studied the reaction in great detail with a variety of iminoethers. A concentrated 
aqueous solution of glycine ester hydrochloride was shaken with the iminoether in the presence 
or absence of a solvent such as ether at room temperature. After a certain time the product 
was isolated by distillation. It will be noted that the hydrochloride of the base was used and 
not the free base as in the experiments of Barber et al. (loc. cit.). It seemed probable that a 
compound analogous to (IV) could be prepared from threonine, but the conditions required for 
the cyclisation remained to be determined. It was thought that this would be brought about 
by the action of heat if the suggestions of Barber et al. (loc. cit.) were correct. The question of 
the configuration of the product could not be decided with certainty, but it seemed probable 
that it would be the same as that of the starting material. 

When allothreonine ethyl ester hydrochloride reacted with benziminoethyl ether under the 
conditions of Cornforth and Cornforth (loc. cit.), it was surprising to find that cyclisation had 
occurred in the cold to give a good yield of cis-4-carbethoxy-2-phenyl-5-methyl-A?-oxazoline (Va). 
Hydrolysis of this oxazoline with hydrobromic acid yielded pure allothreonine, thus confirming 
the configuration assigned to it. Ina similar way threonine ethyl ester hydrochloride gave trans-4- 
carbethoxy-2-phenyl-5-methyl-A*-oxazoline (Vb). The configuration of this oxazoline was also 
known; it was identical with the one described by Attenburrow e? al. (loc. cit.), which yielded 
threonine on acid hydrolysis. The two oxazolines (Va) and (Vb) differed substantially in 
refractive index and in the melting points of the picrates, and a mixture of the two picrates had 
a melting point below that of either pure substance. It was concluded that no appreciable 
inversion had occurred in either case. 

In the course of this work it was noted that allothreonine ethyl ester hydrochloride was 
easily soluble in hot acetone, whereas the threonine analogue was almost insoluble unless some 
alcohol was present. It is possible that a mixture of the two amino-acids could be separated 
into its constituents by making use of this fact. 

i, Et wy (Ot 

-O,Et O,Et H,—CH‘CO,R 
H—C—NH,, HCl as iY . Ph —HN,,HC] —> a Nora gt : 
H—C—0H T \o4% —H CH,’ ! 

H; is H; H h 
(Va.) (Vb.) (VI.) 


The above-described reactions with benziminoethyl ether were also extended to ester hydro- 
chlorides of serine. It was found that the yield of oxazoline became progressively greater as 
the size of the alkyl group in the ester was increased. 4-Carbomethoxy-2-pheny]l-A?-oxazoline 
(VI, R= Me), 4-carbethoxy-2-phenyl-A*-oxazoline (VI, R= Et), and 4-carboisopropoxy-2- 
phenyl-A*-oxazoline (VI; R = Pr‘) were obtained in 40, 59, and 81% yields respectively under 
the same conditions. The methylester (VI; R = Me) was prepared by Bergmann and Miekeley 
(Z. physiol. Chem., 1924, 140, 128) by cyclisation of benzoylserine methyl ester with thionyl 
chloride and was described as aliquid. It was obtained by the present method as a low-melting 
solid. The following series of transformations was next studied : 


a HMe-CH CO,H | Atal 
(Va) or (Vb) ———> y ae OY ie CO,H = => e—CH:CO,H 
H,O ¢ ae O NH-COPh 
Ph \coPh 


(Vb Configuration only.) (VII.) (VIII.) 


A similar sequence in the serine field starting from the oxazoline ester (VI; R = Me) was first 
described by Bergmann and Miekeley (/oc. cit.). In the present investigation it was found that 


a 
CH,NH, nu7O 
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the oxazolines (Va and Vb) both gave the same 2-phenyl-5-methyl-A*-oxazolinecarboxylic acid on 
treatment with dilute aqueous alkali at the boiling point. When dissolved in cold dilute 
hydrochloric acid and kept at room temperature for several hours the oxazolinecarboxylic acid 
was converted into the hydrochloride of O-benzoylthreonine (VII), the free base being obtained 
when the solution was cautiously neutralised to pH 4—5 with ammonia or sodium acetate. 
Treatment of the O-benzoyl compound with dilute aqueous alkali led to the formation of 
N-benzoylthreonine. These experiments show that the oxazolinecarboxylic acid most probably 
had the ¢vans-structure (Vb) derived from threonine. The most likely way in which the cis- 
was transformed into the trans-oxazoline was by intermediate formation of the ester anion : 


+ = + He HMeC:C<OF, 
yy —— \ y = ~ J 
h h 


In the absence of alkali the cis-oxazoline ester was quite stable, because it was not changed by 
distillation at a moderately high temperature and showed no change in refractive index on 
standing for 14 days. If the scheme given above is correct, the conversion of the cis- into the 
trans-form was the result of a true equilibrium, and it is fortunate that steric factors favoured 
the tvans-form to the almost complete exclusion of the cis-form. As far as could be ascertained, 
the final product (VIII) was obtained pure from both oxazoline esters, but a small amount of 
N-benzoylailothreonine (arising from Va) would not have been detected. It was safe to assume 
that the final product contained at least 90% of N-benzoylthreonine. 

The compound (VII) behaved like a normal organic acid and not like an amino-acid on 
titration in aqueous solution. The end-point to phenolphthalein was quite sharp, and immediate 
acidification liberated N-benzoylthreonine. O-Acylated 1: 2-hydroxyamino-compounds in 
general are known to display this rapid migration of the acyl group under the influence of alkali, 
and Bergmann, Brand, and Weinmann (Z. physiol. Chem., 1923, 121, 1) have suggested that a 
cyclic intermediate (IX) may be involved. The existence of such a compound has never been 
proved (in this connection, see Phillips and Baltzly, J. Amer. Chem. Soc., 1947, 69, 200). 

In the synthesis of threonine from hippuric acid described by Attenburrow, Elliott, and 
Penny (loc. cit.) ethyl «-benzamido-$-hydroxybutyrate was obtained as an intermediate product. 
It was necessary to separate this compound into the two stereoisomeric forms before completion 
of the synthesis, and as a result considerable losses occurred. This separation has now been 
rendered unnecessary, because of the favourable steric influences operating in the oxazolines 
(V). The conditions employed by Attenburrow e¢ al. (loc. cit.) for the cyclisation of the ester 
(I; R = H) with thionyl chloride were not entirely satisfactory when large amounts of crude 
ethyl a-benzamido-f-hydroxybutyrate were being handled. This reaction was therefore 
submitted to further study. Sudden rises of temperature were frequently encountered when 
the reaction mixture was removed from the cooling bath, although the reaction had apparently 
ceased. In these cases the product was always contaminated with a considerable amount of 
ethyl B- chloro-x-benzamidobutyrate (X). The structure of this substance was confirmed by its 
hydrolysis by alkali t6 «-benzamidocrotonic acid‘and conversion of the latter into its azlactone 
(Carter, Handler, and Melville, J. Biol. Chem., 1939, 129, 359). The possibility that the chloro- 
compound was an intermediate in the formation of the oxazoline was eliminated when it was 
found that it did not give a trace of basic material on standing overnight with cold thionyl 
chloride. It seems most likely that the chloro-compound and the oxazoline were formed from 
the same intermediate substance, the chlorosulphinic ester (XI). 


CHMe-CH-CO,Et 
ggg H-CO,Et _, 9°SOCI ie 

H H-COPh HMe-CH-CO,Et — 4 

NH-COPh 

(XI) 

FoR —CH-COH {Higher temp. 

we: CHMeCI-CH-CO,EFt 

Ph NH:COPh 

(IX.) (X.) 


By carrying out the cyclisation slowly at low temperature, a very good yield of the oxazoline 
was obtained, and the formation of the chloro-compound was entirely suppressed. The mixture 
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of oxazoline esters (Va and Vb) so obtained was then converted into N-benzoylthreonine by the 
series of changes already described. Isolation of the intermediate products was unnecessary ; 
N-benzoylthreonine was obtained in about 60% overall yield from crude ethyl «-benzamido-{- 
hydroxybutyrate. 
EXPERIMENTAL. 
(M. p.s are uncorrected.) 


Ester Hydrochlorides.—Except in one case, the ester hydrochlorides were prepared by suspending 
the amino-acid in 10—20 parts of the dry alcohol and passing in a rapid stream of dry hydrogen chloride 
until the solution boiled. It was then cooled, saturated with hydrogen chloride, kept overnight, then 
evaporated in a vacuum to a syrup and finally to complete dryness in an open dish in a vacuum desiccator 
over sodium hydroxide and sulphuric acid. The solid mass was then broken up, washed with dry ether, 
and crystallised from an anhydrous solvent. The products were generally hygroscopic solids. The 
yields recorded are for crude products. In most cases further purification was unnecessary. 
alloThreonine ethyl ester hydrochloride formed colourless rectangular plates from acetone, m. p. 117—118° 
(Found: N, 7-7. C,H,,0;NCl requires N, 7-6%); yield 90%. Threonine ethyl ester hydrochloride 
crystallised in dense masses of prisms from a mixture of acetone (10 parts) and alcohol (3 parts) and had 
m. p. 118—119°, mixed m. p. with the above ester hydrochloride, 90°. It was dried at 60°/0-1 mm. for 
analysis (Found: N, 7-3; Cl, 19-65. C,H,,O,;NClI requires N, 7-6; Cl, 19-3%); yield 98-56%. Serine 
methyl ester hydrochloride had m. p. 134° as recorded by Painter (J. Amer. Chem. Soc., 1947, 69, 230) and 
not 114° as recorded by Fischer and Suzuki (Ber., 1905, 38, 4173); yield 77%. Serine ethyl ester hydro- 
chloride formed colourless needles from ethanol-ether, m. p. 100—102°; it was very hygroscopic (Found: 
Cl, 20-5. C;H,,0,NCI requires Cl, 20-9%); yield 95%. 

Serine i opyl ester hydrochloride. Serine (10 g.) was suspended in po pee is alcohol (0-5% H,O; 
100 ml.), and a rapid stream of dry hydrogen chloride passed in until the solution boiled. The gas 
stream was then moderated and boiling continued by application of a small flame at such a rate that 
about 15 ml. of isopropyl alcohol escaped during 1 hour through the top of a 15” air condenser fitted to 
the flask. After 30 minutes fresh isopropyl alcohol (15 ml.) was added to the contents of the flask. 
After 1 hour the alcohol was removed under reduced pressure, and the solid residue crystallised from 
isopropyl alcohol-ether; yield (of crystallised product) 14-3 g. (82%). It formed colourless prisms, 
m. p. 142—143° (Found: N, 7-4. C,.H,,O;NCl requires N, 7-6%). This ester hydrochloride was not 
hygroscopic. 

Preparation of Oxazoline Esters from Serine and Threonine Esters.—After some exploratory experiments 
the following procedure was adopted for the preparation of the oxazolines. The ester hydrochloride 
(0-04 mol.) was dissolved in water (4 ml.) in a 250-ml. conical flask, mixed with a solution of benzimino- 
ethyl ether (9 g.) in ether (25 ml.), and the two layers vigorously shaken together for 8 hours (Griffin 
and Tatlock’s ‘‘ Microid ’’ flask shaker was very suitable for the purpose). After addition of sufficient 
water to dissolve the ammonium chloride which had crystallised out, the upper layer was separated, 
washed three times with water, dried, and evaporated. In some cases a small amount of amorphous 
solid separated during the reaction. This did not dissolve on addition of water and it was necessary to 
filter the reaction mixture to obtain a clean separation of the two layers. The residue remaining was 
then distilled under reduced pressure, first at about 15—25 mm. to remove excess of the iminoether and 
then at 0-1 mm. or less. 

4-Carbomethoxy-2-phenyl-A?-oxazoline had b. p. 110—112/2 x 10°? mm. and was a colourless oil 
which rapidly turned pale yellow in the receiver; yield 3-4 g. (41-5%). After several days the liquid 
solidified and was crystallised from ether-light petroleum (b. p. 40—60°). It formed sheaves of long 
prisms, m. p. 32—33° (Found: C, 64-4; H, 5-5; N, 6-9. Calc. for C,,H,,O,N: C, 64-35; H, 5-4; N, 
6-8%). The hydrochloride had m. p. 111—112° (Bergmann and Miekeley, Joc. cit., recorded m. p. 
113—114°). The picrate was prepared by adding a solution of the oxazoline in dry ether to a solution of 
1 —_— of picricacidindryether. Thecrystalline precipitate was collected and grystallised from ethanol. 
It formed yellow prisms, m. p. 139—140° (Found: N, 13-25. C,,H,,OjN, requires N, 12-9%). 

4-Carbethoxy-2-phenyl-A*-oxazoline had b. p. 106°/10-? mm., n}§° 1-5413, and was a fairly viscous liquid ; 
yield 5-15 g. (59%) (Found: C, 65-4; H, 6-0; N, 6-5. C,,H,,0,N requires C, 65-7; H, 6-0; N, 6-4%). 
The picrate, prepared in the usual way, crystallised from alcohol as yellow prisms with pointed ends, 
m. p. 132° (Found: N, 12-7. Cristie 10N, requires N, 12-5%). 

4-Carboisopropoxy-2-phenyl-A*-oxazoline had b. p. 110°/10-* mm. and rapidly solidified in the receiver ; 
yield, 7-55 g. (81%). It was crystallised from light petroleum (b. P- 40—60°) and formed long colourless 
needles, m. ‘ 41—41;5° (Found: C, 67-1; H, 6-5; N, 5-75. C,;H,,0O,N requires C, 66-9; H, 6-5; 
N, 60%). The picrate formed yellow prisms from isopropyl alcohol; m. p. 134—135° (Found : N, 12-4. 
19H, ,03;9N, requires N, 12-1%). 

cis-4-Carbethoxy-2-phenyl-5-methyl-A*-oxazoline had ~P 124°/10 mm., n}%” 1-5315; yield (after 
6 hours’ shaking) 6 g. (64-5%) (Found: C, 66-6; H, 6-6; N, 5-9. C,,H,,0,N requires C, 66-9; H, 6-5; 
N, 60%). The picrate crystallised from ethyl alcohol in thin yellow plates, m. p. 148—150° (Found : 
N, 12-4. Cy gH,,O0,9N, requires N, 121%). In order to determine the nature of the product before 
distillation, a te iment was performed on a smaller scale and, after being dried, the ethereal 
extract was treated with ethereal picric acid in thecold. The crude picrate had a lower m. p. (132—138°), 
as would be expected, but the mixed m. p. with the pure picrate from the distilled oxazoline was 132—142°. 
This was taken as proof that cyclisation had occu in the cold, icularly in view of the fact that 
iminoethers of type (IV) prepared from glycine ethyl ester are feebly basic and do not form crystalline 
picrates (private communication from Dr. J. W. Cornforth). 

trans-4-Carbethoxy-2-phenyl-5-methyl-A*-oxazoline had been prepared by cyclisation of N-benzoyl- 
allothreonine ethyl ester with thionyl chloride (Attenburrow e¢ al., loc. cit.). It was prepared by the 
present method in 81-5% yield and formed a picrate, m. p. 128—129°, which gave no depression in m. p. 
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on admixture with the picrate previously described by Attenburrow e# al. (loc. cit.). It had b. p. 
110—115°/10-? mm., n}%* 1-5272. 

The configuration of the cis-oxazoline was confirmed as follows. The substance (2 g.) was refluxed 
for 4 hours with hydrobromic acid (23%; 10 ml.). The solution was cooled, diluted with water, and 
extracted with ether to remove benzoic acid. The aqueous layer was evaporated to dryness under 
reduced pressure, the syrup dissolved in hot 95% alcohol (20 ml.), and a slight excess of concentrated 
ammonium hydroxide added to the hot solution. alloThreonine crystallised out on cooling; yield 
0-85 g. (796%). It had m. p. 248° (decomp.) and formed a benzoyl derivative, m. p. 177—178°, this 
m. p. being in good agreement with that recorded by West and Carter (J. Biol. Chem., 1937, 119, 113). 

trans-2-Phenyl-5-methyl-A*-oxazoline-4-carboxylic Acid.—The corresponding trans-ester (1-15 g.) was 
refluxed with 0-5n-sodium hydroxide (10-1 ml.) until dissolved, and then for 5 minutes longer. The 
solution was then evaporated to about 2 ml. ina vacuum. On scratching the vessel the sodium salt of 
the acid crystallised in rhombic plates (0-8 g.). It was recrystallised from hot water containing a small 
amount of sodium hydroxide; m. p. indefinite (220—240°) (Found: Na, 10-4. C,,H,»O,NNa requires 
Na, 10-1%). trans-2-Phenyl-5-methyl-A*-oxazoline-4-carboxylic acid was obtained by adding 5n-hydro- 
chloric acid (0-5 ml.) to a solution of the sodium salt (0-55 g.) in water (2 ml.) at 0°. After the mixture 
had been kept for 2 hours at 0°, the solid was filtered off, washed with a little water, and dried in a 
desiccator; yield 0-35g. Ithad m. p. 143—144° (some decomp.) (Found: C, 64-8; H, 5-5. C,,H,,0,N 
requires C, 64-4; H, 5-4%). Hydrolysis of the cis-oxazoline ester in exactly the same way gave the 
same acid, m. p. 143—144°. A mixture of the two samples of acid had the same m. p. 

O-Benzoylthreonine.—The oxazoline acid prepared from the trans-oxazoline ester (0-4 g.) was dissolved 
in N-hydrochloric acid (1-95 ml.; 1 equiv.) at room temperature. This gave asolution of pH 0-9. After 
4 hours the solution was treated with concentrated ammonium hydroxide until no longer acid to 
Congo-red paper. A crystalline solid separated immediately, and after 24 hours at 0° it was collected, 
washed with water, and dried in a vacuum desiccator; yield 0-2 g. O-Benzoylthreonine formed rectangular 
plates from hot water, m. p. 169—170° —, It gave a positive “‘ ninhydrin ”’ reaction and was 
easily soluble in dilute hydrochloric acid (Found: N, 6-55. C,,H,;0,N requires N, 6-3%). 

-Benzoylthreonine from the O-benzoyl compound. A suspension of the O-benzoyl compound (0-25 g.) 
in water (1 ml.) was titrated with N-sodium hydroxide with rapid stirring in the presence of 
phenolphthalein. The end-point was reached when 1 equiv. of alkali had been added. The solution 
was then acidified with hydrochloric acid (Congo-red). _N-Benzoylthreonine separated as long prisms, 
m. p. 146—147° (0-18 g.). It produced no depression in m. p. on admixture with an authentic specimen. 
The 2-phenylethylamine salt was prepared in 91% yield (see Attenburrow e¢ al., loc. cit.) and had m. p. 
159—161°. . When a sample of the oxazoline acid prepared from the cis-oxazoline ester was treated in 
the same way, the same compounds were obtained. his is further confirmation that the two samples 
of oxazoline acid were in fact identical. It was realised that by carrying out the changes described above 
in a step-wise fashion with isolation at each stage large losses resulted, thus giving no information 
concerning the nature of the material remaining in solution. It was found possible to prepare N-benzoyl- 
threonine in 80% overall yield from either oxazoline ester when isolation of the intermediates was 
omitted. The way in which this was done is described below. 

O-Benzoylserine.—4-Carbomethoxy-2-phenyl-A?-oxazoline (2 g.) was heated with a solution of 
recrystallised barium hydroxide (3-8 g.) in water (60 ml.). The ester dissolved before the solution 
reached the b. p. After refluxing for 1 minute the solution was cooled and treated with 5N-sulphuric 
acid (ca. 5 ml.) untilthe pH was 1. After 4 hours at room temperature the excess of sulphuric acid was 
removed with baryta, and*the precipitate washed thoroughly with boiling water. The combined 
filtrates, which had a pH of about 3, were evaporated to small bulkinavacuum. The product separated 
as thin rectangular plates (1-4 g., 67%), easily soluble in dilute acid. After recrystallisation from hot 
water it had m. p. 162° (decomp.). Bergmann and Miekeley (loc. cit.) give m. p. 149—150° for this 
compound (Found: N, 6-9. Calc. for C,,H,,O,N: N, 67%). On treatment with dilute sodium 
hydroxide the substance behaved exactly like O-benzoylthreonine and gave N-benzoylserine in 91% 
yield, m. p. 166—167°. 

Large-scale Preparation of N-Benzoylthreonine.—Thionyl chloride was purified by distillation 
alternately with 2% by weight of quinoline and yellow beeswax until a colourless product resulted. 

Crude ethyl a-benzamido-f-hydroxybutyrate (Attenburrow et al., loc. cit.; 200 g.) was dissolved in 
chloroform (100 ml.) and dropped, with stirring, into thionyl chloride (200 ml.) cooled in an ice-bath. 
The temperature was kept as nearly as possible at 5—6° and addition of the ester was immediately 
stopped if a rise to 10° took place. The addition required about 1-5 hours. Stirring was then stopped, 
and the reaction mixture kept in the ice-bath for 16 hours. Melting of the ice was prevented by placing 
the whole apparatus in a cold room at 0°. The chloroform and excess of thionyl chloride were then 
removed in a vacuum at 35—38°. Without delay the dark brown, syrupy residue was poured in a thin 
stream into a solution of anhydrous sodium carbonate (170 g.) in water (1600 ml.) with brisk hand 
stirring. The solution was not allowed to become acid during this process. The amount of sodium 
carbonate given was usually found to be sufficient, but if not, a further addition of the solid substance 
was made. The emulsion of oil and water was cooled and extracted with light petroleum (b. p. 40—60° ; 
1000 ml. + 3 x 500 ml.). This solvent was preferred to ether because it left most of the tarry material 
undissolved. The combined extracts were washed with water, dried (Na,SO,), and evaporated to 
dryness. The residue (175 g.) consisted of a mixture of the oxazolines (Va) and (Vb). It was refluxed 
with 0-5n-sodium hydroxide (1662 ml.) until all but a small amount of tar remained undissolved. This 
ys me about 25 minutes. The brown solution was cooled and brought to pH 1 by addition of 5n-hydro- 

oric acid (ca. 335 ml.). After standing for 4 hours at room temperature, the solution was extracted 
four times with small portions of ether. The aqueous solution of O-benzoylthreonine hydrochloride 
so prepared was then made alkaline by addition of 5n-sodium hydroxide using phenolphthalein as 
indicator (externally because of the coloured solution). The solution was made just acid to litmus, 
treated with charcoal in the hot, filtered, evaporated under reduced pressure to a volume of about 1 L., 
and the charcoal treatment repeated. On acidification (Congo-red paper) with concentrated hydrochloric 
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acid, N-benzoylthreonine separated as a thick crystalline mass. The solution was kept overnight to 
complete the crystallisation, and the solid filtered off, washed with cold water, and dried in a desiccator; 
yield 145 g., m. p. 142—145°. Recrystallisation from hot water (400 ml.) gave 113 g. (63-6%, calc. on 
the hydroxy-ester) of pure product, m. p. 145—146° (softening from 143°). The purity was confirmed 
by preparation of the 2-phenylethylamine salt in 95% yield, m. p. 160—161°. 

Ethyl B-Chlovo-a-benzamidobutyrate.—This substance was obtained as a by-product in earlier cyclisation 
experiments. The following are examples. Thionyl chloride, cooled to 5° (25 ml.), was added to the 
crude hydroxy-ester (25 g.). The viscous ester dissolved on shaking and the temperature rapidly rose 
to 45°. The mixture was cooled to room temperature and kept for4hours. The isolation procedure was 
the same as above except that ether was used to extract the crude oxazoline. The ethereal extract was 
evaporated to small bulk (ca. 50 ml.) and set aside for 24 hours. Ethyl B-chlovo-a-benzamidobutyrate 
crystallised out, and was filtered off and washed first with carbon tetrachloride and then witha 1:1 
mixture of light petroleum (b. p. 40—60°) and carbon tetrachloride; yield 4-1 g., m. p. 81—83°. The 
material remaining in the ether after removal of the chloro-compound consisted of the corresponding 
oxazoline, which was purified by distillation. It appears, however, that additional impurities may have 
been present because the yield of the oxazoline was always considerably lower in these experiments even 
after allowance for the amount of chloro-compound obtained. The chloro-compound was recrystallised 
from alcohol-carbon tetrachloride (1 : 1) and then from alcohol and had m. p. 82—84° (Found : C, 57-6; 
H, 6-0. C,3H,,0,NClI requires C, 57-9; H, 6-0%). 

In another experiment, carried out in a similar fashion except that the crude product was submitted to 
distillation without preliminary crystallisation from ether, the chloro-compound (10 g. from 169 g. of 
crude hydroxy-ester) crystallised slowly from the distillate. This sample, after recrystallisation, had 
m. p. 95—97°, mixed m. p. with the first sample 84—86° (Found: C, 58-1; H, 5-8; N, 5-2%). No 
doubt both these samples were mixtures containing different proportions of the two stereoisomers. 

a-Benzamidocrotonic Acid and its Azlactone.—The chloro-compound (1 g.) and 2N-sodium hydroxide 
(15 ml.) were mixed and heated under reflux for 15 minutes. The solution was cooled, filtered, and 
acidified with dilute nitric acid, and the a-benzamidocrotonic acid collected. The filtrate gave a copious 
precipitate of silver chloride with silver nitrate solution. It was crystallised from hot water and had 
m. p. 192—193°; yield 0-34 g. (Found: N, 6-5. Calc. for C,,H,,O,N: N, 68%). The crotonic acid 
(0-1 g.) and acetic anhydride (0-5 ml.) were boiled together for 1 minute and then evaporated under 
reduced pressure. The residue was crystallised from light petroleum (b. p. 40—60°). The product 
formed long needles, m. p. 983—95°, and gave no depression on admixture with an authentic specimen of 
2-pheny]-4-ethylideneoxazol-5-one (Carter, Handler, and Melville, Joc. cit.). 

The chloro-compound (0-2 g.) was allowed to stand for 16 hours at 0° with thionyl chloride (0-5 ml.), 
and the mixture then evaporated to dryness under reduced pressure. By crystallisation from ligroin, 
unchanged starting material (0-08 g.) was recovered. The material remaining in the mother-liquors 
was easily soluble in ether and gave no precipitate with ethereal picric acid. It was safe to conclude that 
no oxazoline had been formed in this experiment. 


The author wishes to thank Dr. J. W. Cornforth for helpful discussions and Mr. D. Manson for valuable 
experimental assistance. 
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127. A Study of the Mechanism of Oxidation with Chromic Acid. Part III. 
Glycol Fission with Chromic Acid and Chromyl Chloride. 


By R. Stack and WILLIAM A. WATERS. 


Some carbon-carbon bond fission of 1 : 2-glycols can be effected by oxidation with chromic 
acid in aqueous sulphuric or glacial acetic acid solutions, and oxidation takes this course almost 
exclusively when chromyl chloride is used, both in carbon tetrachloride and in glacial acetic 
acid solutions. It has been found that chromy]l chloride first reacts with 1 : 2-glycols to form 
a complex (HO-CR,°CR,°OH,2CrO,Cl,) of Cr¥! which breaks down on addition of water, 
probably by hydrolysis to an oxygen di-radical (O-CR,°CR,°O-) and a transient derivative of Cr¥. 


THE oxidation of glycols by carbon-carbon bond fission, e.g., ReCH(OH)—CHR’(OH) —> 
R°CHO + R”CHO, has customarily been thought to be a specific property of a few special 
oxidising agents such as lead tetra-acetate and periodic acid, but the postulation of a free- 
radical mechanism for this process (Waters, ‘‘ The Chemistry of Free Radicals,” Oxford, 1946) 
and its substantiation by the discovery that Fenton’s reagent can lead to some glycol fission 
(Waters, Nature, 1946, 158, 380) led us to examine whether any other common oxidising agents 
might also act, in part, in this way. 

Preliminary experiments soon showed that both acid dichromate and acid permanganate 
solutions brought about the production of some formaldehyde from both ethylene glycol and 
glycerol, and of some acetaldehyde from 2: 3-butylene glycol, whilst pinacol gave acetone 
in very good yield. This qualitative support for the view that homolytic bond fission may 
be concerned in oxidations brought about by chromic acid (compare Part I, Waters, J., 1946, 
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1151; Part II, Slack and Waters, J., 1948, 1666) has led us to study further the oxidation of 
1: 2-glycols by both chromic acid and chromyl chloride. As a result we have been able to 
gain much further insight into the mechanisms of the oxidations which can be effected by 
these two reagents. 

Previous evidence that chromic acid can break carbon-carbon bonds in glycols, though 
not unknown (see, e.g., Zincke, Annalen, 1879, 198, 123), is extremely rare, because in general 
investigators have not chosen suitable experimental conditions for isolating aldehydic products. 
A quantitative examination of the percentage yield of formaldehyde from ethylene glycol by 
chromic acid oxidation (see Table I) soon revealed the following facts: (a) Only a small per- 
centage of the glycol undergoes carbon-carbon bond fission upon chromic acid oxidation in 
either dilute aqueous sulphuric acid or glacial acetic acid solutions. The major portion of 
the carbinol is oxidised in the normal way, t.e., CH(OH) —-> C—O, to glyoxal and thence 
to oxalic acid. (b) Glycol fission can only be effected in the presence of added free acid; 
chromic acid (H,CrO, or H,Cr,O,) itself is not effective. (c) Under conditions in which pinacol 
is oxidised quite easily to acetone, ¢ert.-butyl alcohol is completely resistant to oxidation. 
(2) In contrast, as in the oxidation effected by lead tetra-acetate (compare Leonard and 
Rebensdorf, J. Amer. Chem. Soc., 1945, 67, 49), chromic acid oxidises 2-hydroxytriethylamine, 
NEt,°CH,°CH,°OH, by carbon-nitrogen bond fission to diethylamine and glyoxal, and not 
by carbon-carbon bond fission to formaldehyde. Triethylamine and dimethylaniline yield 
acetaldehyde and formaldehyde, respectively. 

This broad survey showed that, whilst in the main the hypothesis of alcohol oxidation 
by hydrogen elimination from O——H bonds, i.e., 


i] i ! | 
H-O-(-—{—-O-H _—> 0-4-0: —> 0=¢ + ¢=0 
was untenable for chromic acid oxidation, it was clear that carbon-carbon bonds are more easily 


broken in 1: 2-glycals than in simple paraffin chains. The analogies between chromic acid 
and both lead tetra-acetate and periodic acid were, however, too obvious to be overlooked. 


Geno PhOAC be 9 00H bo oO 
(I.) (II.) (III.) 


In both these cases it has been suggested (Criegee, Ber., 1931, 64, 260; Criegee,’ Kraft, and 
Rank, Annalen, 1933, 507, 159; Price and Knell, J. Amer. Chem. Soc., 1942, 64, 552; Duke, 
ibid., 1947, 69, 3054) that glycol fission occurs by way of a cyclic compound such as (I) or (II) 
which then splits to an oxygen di-radical, and hence the possibility of the transient existence 
of a cyclic chromium intermediate (III) was envisaged. 

Since Etard (Ann. Chim. Phys., 1881, 22, 218) has shown that intermediate organo-chromium 
complexes are regularly formed when hydrocarbons are oxidised by chromyl chloride in 
anhydrous solvents, it was thought that the oxidation of 1 : 2-glycols by chromyl] chloride in 
non-polar solvents merited examination, though it was feared that the reaction might be 
extremely violent. Fortunately, it was then found that in dry carbon tetrachloride solution 
chromyl chloride reacted smoothly with a number of glycols, as for instance pinacol and 
hydrobenzoin, to give brownish insoluble complexes which could be separated and analysed. 
Both the meso- and the racemic form of hydrobenzoin reacted immediately with the chromyl 
chloride, and hence the complex formation is not dependent upon the presence of a cis-glycol 
structure. On addition of water these chromium complexes decomposed smoothly to give 
oxidised mixtures which made it evident that a high degree of glycol splitting had occurred. 
For instance, both hydrobenzoins regularly gave a yield of benzaldehyde of the order of 50%, 
although the resulting aqueous solution still contained sexavalent chromium. Under these 
conditions again ¢ert.-butyl alcohol could not be oxidised. 

The analysis of these chromium complexes, detailed in Tables II and III, showed: (i) that 
the complex was formed without any loss of chlorine from the chromyl chloride; (ii) each 
glycol-chromium complex contains ‘wo chromium atoms, i.e., one chromium atom must be 
attached to each carbinol group; (iii) the breakdown of the complex with water gives a mixture 
of Cr¥! and Cr™!, together with organic oxidation products in such proportions as to show con- 
clusively that the initial complex is still a compound of sexavalent chromium, formed, without 
loss of any atoms, by the direct union of one molecule of glycol and two molecules of chromyl 
chloride, i.e., (HO*CR,°CR,°OH,2CrO,Cl,). 

Methods of study of the breakdown of these complexes were devised first for meso-hydro- 
benzoin, which was oxidised to a mixture of benzaldehyde and benzoic acid, but not at all 
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to benzoin or benzil under these conditions. The benzaldehyde could be isolated as such by 
adding the solid complex to acid ferrous sulphate solution, and could be collected in about 
40% yield. Still higher yields than this (ca. 50—60%) could be collected by decomposing the 
chromium complex with acid ferrous sulphate and immediately adding 2: 4-dinitrophenyl- 
hydrazine, when the formation of the stable 2: 4-dinitrophenylhydrazone protected the 
aldehydic group from further attack. From benzpinacol, CHPh,(OH)-CPh,(OH), it was 
possible to establish that the initial yield of benzophenone was as much as 81% (Table IV). 
Though the titre of the quantity of iodine which is liberated when the complexes 
(HO-CR,’CR,°OH,2CrO,Cl,) are treated with potassium iodide solution corresponds very closely 
to the conversion of Cr¥! into Cr!’, which is equivalent to the production of an equimolar 
mixture of benzaldehyde and benzoic acid from hydrobenzoin, the fact that a much higher 
percentage of benzaldehyde than this is first set free indicates that the initial breakdown of 
the complex must be the conversion of a Cr¥! compound into a derivative of Cr’, which pre- 
sumably disproportionates at once into Cr¥! (2 equivs.) and Cr! (1 equiv.) or, alternatively, 
oxidises some of the free aldehyde. 

Confirmation of these analytical figures for the breakdown of the initial glycol-chromy] chloride 
adducts was obtained by working in glacial acetic acid solution. In this solvent it was not 
possible to separate the primary products, but there were regularly obtained brown solutions 
which, when poured into acid ferrous sulphate containing dissolved 2 : 4-dinitrophenylhydrazine, 
gave aldehydic or ketonic products in yields of about s0—90%. There is, therefore, the 
strongest experimental evidence for supposing that a complex of sexavalent chromium is 
formed, and that this is decomposed by water to a transient derivative of quinquevalent 
chromium. 

We would therefore suggest that the oxidation of 1 : 2-glycols by chromyl chloride proceeds 
by the following stages : 

(A) Formation of an addition complex at each hydroxy] group : 


R. 
R—C—O—H 

2CrO,Cl —_> 
R 0-H + Peary 


R’ 


This must have the structure C—O—Cr because (a) neither chlorine nor hydrogen is lost in 
the complex formation, and (b) glycol fission with pinacol and benzpinacol shows that the 
original C—O link is preserved together with a// the original CH groups. 

(B) Breakdown of this complex to an organic di-radical and a derivative of Cr’, followed 
immediately by (i) carbon-carbon bond fission of the organic di-radical, and (ii) disproportion- 
ation of the unstable inorganic Cr’ fragment : 


R 
R’ C—O 


R’ 
: Sou SCr¥I to 1Crmi 
R* 
This explanation of glycol fission by means of chromy] chloride is analogous to the explanation 
first offered by Criegee (loc. cit.) for glycol fission by lead tetra-acetate in so far as it requires 
the initial production of an organometallic complex, though the chromium analyses (Table III) 
show immediately that the formation of a cyclic complex is quite unnecessary. The lead, 
chromium, and presumably iodine complexes (I, IV, II) seem to be alike in that the heavy 
atom is attached to carbon through oxygen. The homolysis of the complex (stage B above) 
then, in all cases, occurs at the weak oxygen—heavy atom covalency, and evidently the driving 
force of this process is the tendency of the highly oxidised heavy atom (Pb!’, Cr¥!, or IY%) to 
achieve its more stable reduced form by withdrawing an electron into an inner orbital from 
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the outermost valency shell. One of us (Waters, Trans. Faraday Soc., 1946, 42, 184) has already 
suggested tentatively that the oxidising power of chromium trioxide is to be associated with 
the double-bond character of its oxygen—chromium bonds. It may be significant that chromium 
trioxide (V) with three double bonds is more stable than chromy] chloride with but two (VI), 
and to suggest that the enhanced reactivity of chromyl] chloride is due to electron withdrawal 
from the strongly electrophilic nucleus Cr’! towards the chlorine nuclei. If this is so, then 
the withdrawal of further electrons from the chromium nucleus upon the formation of the 


oO Cl oO 
a WY 
o=cen Ne 
No of No 
(V.) (VI.) 


unstable glycol-chromium chloride complex (IV) will give a still less stable structure in which 
the tendency of chromium to acquire complete control of one of the electrons of the O-Cr 
covalency, and to absorb it into an inner electronic shell, will be very strong indeed. The 
hydration of the last remaining Cr—O bond, upon the advent of water, would bring about a 
further electron withdrawl from chromium, and might well be the decisive factor in ensuring 
the homolysis of the Cr—O link. 

Finally, we would point out that, though we have obtained no evidence for the independent 
existence of the quinquevalent chromium fission product (VII), there is available a substantial 
amount of experimental proof of the real existence of compounds of quinquevalent chromium 
(e.g., the pyridine and quinoline complexes; Weinland and Fridrich, Ber., 1905, 38, 3784). 

The fact that a significant amount of glycol fission can be achieved with aqueous solutions 
of chromic acid would appear to indicate that this reagent has some slight action on H-O 
bonds. Chromyl chloride can undoubtedly attack C-H bonds in Etard oxidations of hydro- 
carbons such as toluene, and it is difficult to see why a similar attack on C-H does not occur 
easily in glycols such as hydrobenzoin, or again why this reagent does not attack #ert.-butyl 
alcohol. 

EXPERIMENTAL. 

Fission of 1: 2-Glycols with Chromium Trioxide.—The aliphatic glycols were carefully purified by 
fractional distillation, -octane-4 : 5-diol being prepared from butyroin (Snell and McElvain, Org. 
Synth., Coll. Vol. II, p. 114) by the method of Bouveault and Locquin (Bull. Soc. chim., 1906, 3, 36, 
644). meso-Hydrobenzoin (Buck and Jenkins, J. Amer. Chem. Soc., 1929, 51, 2163) was crystallised 
to constant m. p. Oxidations were carried out either in aqueous or in aqueous acetic acid solution 
at 90° by adding a standard solution of chromium trioxide dropwise to a known amount of glycol which 
was always taken in excess. In order to minimise secondary oxidation of aldehydes, a current of 
carbon dioxide was used to sweep out the volatile product through an efficient fractionating column 
into ice-cold saturated solutions of either (i) 2 : 4-dinitrophenylhydrazine in 2N-hydrochloric acid, or 
(ii) aqueous dimedone. When (ii) was used the effluent gases were finally passed through (i) so as to 
provide a rapid visual check of quantitative absorption of carbonyl compounds. Following Yoe and 
Reed (Ind. Eng. Chem. Anal., 1941, 18, 238), the dimedone reagent was buffered to pH 4-0 for the 
determination of acetaldehyde, and to pH 4-6 for that of formaldehyde. In the former case the reagent 


was used in very —_ excess, and then gave a recovery of 85—90%. Yields in Table I are calculated 
on the basis HO-CHR-CHR-OH—>2R°CHO. ~ - 


TABLE I. 
Glycol fission with chromium trioxide. 
Glycol H,SO,, conc. CrO, 
(large excess). & (ml.). (ml. of 2%).* 
Ethylene 10 


”” 


trace ,, DN 
[Me-CHO + (MeCO),] 
20-2 MeCHO D 


2-Butylene 


Octane-4 : 5-diol 


SAAASCOaaaane ac 


* A = glacial acetic acid; A’ = 50% acetic acid; D = saturated dimedone; DNP = 2: 4-dinitro- 
phenylhydrazine. 
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Reaction of 1: 2-Glycols with Chromyl Chlioride.—Materials. The previously mentioned glycols were 
used, together with racemic hydrobenzoin, — by Breuer and Zincke’s method (Amnalen, 1879, 
198, 154), and benzpinacol, which was made by reduction of benzophenone with isopropyl alcohol 
(Bachmann, FF Amer. Chem. Soc., 1933, 55, 391) or with zinc and acetic acid (Sagumenny, Bull. Soc. 
chim., 1880, 34, 329). 

Chromyl chloride was prepared by the method of “ Inorganic Syntheses ”’ (1946, II, 205); a very 
pure product (ca. 99%) is obtainable without distillation if a number of washings with concentrated 
sulphuric acid are carried out. The carbon tetrachloride was purified with Fehling’s solution to remove 
chloroform. This was found to be an essential precaution. 

Methods of analysis. The glycol-chromyl chloride complexes were precipitated when the reactants 
were mixed in dry cold carbon tetrachloride solution. They were filtered off in sintered-glass crucibles. 
washed with carbon tetrachloride, and dried in a vacuum. Chlorine was determined as silver salt 
after decomposition of the complex with dilute nitric acid and extraction of organic material with 
ether; total chromium was determined by reduction of Cr¥! with alcohol, precipitation as Cr(OH),, 
and ignition to Cr,O;; sexavalent chromium was determined by adding the complex to acidified 
potassium iodide and subsequently titrating with thiosulphate. 


TABLE II. 
Analyses of chromyl chloride complexes (HO*CR,*°CR,°OH,2CrO,Cl,). 


Chloride analyses. Total chromium analyses. 
Wt. of Wt. of Cl, %, Wt. of Wt. of Cr, % 
complex, g. AgCl, g. found. complex, g. Cr,Qs, g. found. 

meso-Hydrobenzoin complex.* 

0-4002 0-4211 26-1 0-2853 0-0833 

0-4886 0-5300 26-9 0-1858 0-0573 
Racemic hydrobenzoin complex.* 

0-5179 0-5671 27:1 0-5112 0-1551 


Pinacol complex.t 
0-4061 0-5380 32-8 0-4112 0-1510 


* C,,H,,0,Cl,Cr, requires Cl, 27-1; Cr, 19-9%. 
¢ C,H,,0,Cl,Cr, requires Cl, 33-2; Cr, 243%. 


TABLE III. 
Yields and proportion of Cr¥! on hydrolysis of complexes. 
Glycol taken : CrO,Cl, taken : Complex 
g. moles. g. moles. collected, g. Yield, %. 


meso-Hydrobenzoin complex. 


0-224 0-001 0-1704 0-0011 0-2870 
0-224 0-001 0-2324 0-0015 0-3991 
0-224 0-001 0-2324 0-0015 0-3889 
0-224 0-001 0-4647 0-003 0-5176 
0-224 0-001 0-4647 0-003 0-5197 


Racemic hydrobenzoin complex. 
0-224 0-001 0-4645 0-003 0-5112 
Pinacol complex. 
0-118 0-001 0-351 0-0023 0-4112 96-2 20-3 


The benzpinacol complex was too hygroscopic, and too soluble in carbon tetrachloride, for convenient 
collection or accurate‘analysis. 


Determination of Organic Fission Products.—The following methods were used: (a) Solid products 
prepared by precipitation from carbon tetrachloride were decom by the aqueous 2: 4-dinitro- 
wp pp reagent (above) in the presence of an excess of ferrous sulphate and sulphuric acid. 

he 2: 4-dinitrophenylhydrazone was collected, dried at 110°, and weighed. 

(6) A known amount of glycol was dissolved in purified glacial acetic acid, and a freshly-prepared 
solution of chromyl chloride in the same solvent was added in amount very slightly more than two 
molar proportions. The solution was adjusted to a known volume with either acetic acid or ferrous 
sulphate in sulphuric acid, and aliquots were then added to the 2 : 4-dinitrophenylhydrazine reagent 
containing ferrous sulphate in large excess. The results in Table IV show that, provided conditions 
are such that an immediate removal of ip can be obtained, an almost quantitative fission of the 
glycol-chromy] chloride complex to 2R*CHO and 2CrY must occur. If, on the other hand, reaction 
mixtures are first decomposed by ferrous sulphate solution and then treated with 2 : 4-dinitrophenyl- 
hydrazine, the yields of aldehyde are much lower. Evidently free aldehyde is oxidised in preference 
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TABLE IV. 
Yields of organic products from glycol fission. 
Glycol. Procedure. Yield, %.* 
meso-Hydrobenzoin (a) 52 } 
do. (a) 48-2 
do ( 84-2 
do. , 
io. (b) gg ¢ Ph-CHO 
do. (b) 89 
Racemic hydrobenzoin (b) 89-6 
do. (b) 91 J 
Benzpinacol (b) 81 COPh, 
Pinacol (b 68 COMe 
do. (b 71 2 


* Calculated from weight of 2 : 4-dinitrophenylhydrazone collected. 


to Fet+. In each experiment the 2: 4-dinitrophenylhydrazone was collected, recrystallised, and 
shown to be a chemically pure product. 


One of us (R. S.) thanks the Directors of Messrs. May and Baker Ltd. for granting him special 
leave to undertake this work at Oxford. 


Tue Dyson PERRINS LABORATORY, OXFORD. [Received, June 11th, 1948.] 





128. A Study of the Mechanism of Oxidation with Chromic Acid. 
Part IV. Kinetics of the Initial Reaction. 


By R. Stack and WILLIAM A. WATERS. 


The initial reaction between chromium trioxide and diphenylmethane in glacial acetic 
acid solution is of second order with respect to the chromium trioxide and of first order with 
respect to the hydrocarbon. With triphenylmethane the reaction is of first order with respect 
to chromium trioxide. In the initial reaction four equivalents of Cr¥! are locked up for each 
one which is irretrievably reduced to Cr@!, 


It is suggested that chromic acid oxidation of hydrocarbons proceeds in stages and involves 


the formation of transient complexes of Cr¥! and Cr!¥ analogous to those concerned in chromyl 
chloride oxidations (Etard’s reaction). 


One of the final reaction products is a stable chromium acetochromate, 
Cr™@(HCrO,)(O-CO-CHs).. 


Part II of this series (J., 1948, 1666) showed that the oxidation of hydrocarbons, such as 
diphenylmethane, by chromium trioxide in glacial acetic acid solution commenced very rapidly 
but soon slackened off, and finally ceased before all the Cr¥! had been reduced to Cr™; further, 
it was established that chromic kations inhibited reaction by leading to the stabilisation of 
relatively inert chromate (CrO,)™ or dichromate (Cr,O,)™ anions in the solution. We have 
now followed up this work in two ways: (a) by isolating a complex chromium acetochromate 
from reaction mixtures, and (b) by studying more minutely the initial stages of the oxidation 
process. The latter approach has given further insight into the mechanism of chromium 
trioxide oxidation and of its relationship to oxidation by chromy] chloride (Etard’s reaction). 

When a concentrated solution of chromium trioxide in cold acetic anhydride is treated 
with a solution of an oxidisable organic compound, such as diphenylmethane, triphenylmethane, 
or hydrobenzoin in cold glacial acetic acid, a greenish-brown powder is soon precipitated. 
Samples of this have been separated and analysed for (i) total chromium content, (ii) sexa- 
valent chromium, and (iii) acetic acid. In every case, the product gives an analysis corre- 
sponding fairly closely with that for a chromium acetochromate of formula Cr™!(HCrO,)(OAc),, 
containing equimolar proportions of Cr™! and Cr¥!. The action of iodine on chromium trioxide 
in glacial acetic acid produces a similar sparingly soluble salt, of composition approximating 
to the acetoiodate, Cr™(IO,)(OAc).. 

The production of this sparingly-soluble chromic acetochromate at even an early stage 
in the oxidations of organic substances appeared to indicate that the amount of titratable Cr¥! 
rendered inert by the oxidation of diphenylmethane and its analogues might be twice the 
decrease in Cr¥! titre according to estimations carried out by the standard routine of quenching 
the oxidising mixture in aqueous potassium iodide and then determining free iodine with 
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sodium thiosulphate. Consequently, kinetic studies of the oxidation of diphenylmethane by 
chromium trioxide were re-examined on the basis that 


Cr¥! remaining at time ¢ = (a — 2x), where a = initial titre and (a — x) = titre at time ¢. 


Since in many oxidations more than half the initial Cr’! is completely reduced to Cr™ in 
less than 10 minutes, it was necessary to modify the experimental technique, and to conduct 
measurements at time intervals of integral multiples of 10 seconds. Plots of the initial rate 
of oxidation showed that the reaction velocity had decreased very considerably from its initial 
value when only 10% of the Cr¥! had been reduced to Cr, and even when the hydrocarbon 
was present in large excess (10—20 moles) it was quite impossible to represent the results by 
an equation of the type — d[CrO,]/d¢ =k(a — 2x)". 

Though we envisaged (compare Part II) that even initially all the chromium trioxide might 
not be present in the active state, and feared that it might be erroneous to assume that at 
t = 0, a = total Cr¥! in solution, we decided to test the validity of equations of the general 
type dx/dt = k(a — nx)™, where a = initial CrY!; x = titre decrease at time ¢, and » and m 
are integers. 

Fig. 1 shows that when m = 4 the above equation gives a nearly linear plot for the integrated 
expression kt = x/(a — nx)a for a second-order reaction (m = 2), and Fig. 2 shows that no 
such result can be achieved for the expression kt = (1/n) log a/(a — nx). Hence we conclude 


Fie. 1. Fic. 2. 





log afla -nx). 











(7) rl rl L 1 1 — i a AS 1 4 —"* 
QO 20 40 60 80 100 120 140 160 0 2040 60 80 100 120 140 160 180 
t (seconds). t (seconds). 
Figs. 1 and 2. The initial reaction at 18° : diphenylmethane in large excess. 
Initial concn. of CrO, = 0-009734 g.-mol. /l. 
Initial concn. of CH,Ph, = 0-1180 g.-mol. /i. 
X,% = 4. A,” = 3. ©, 2 = 2. O,#*2 =1. 
% has been expressed as a fraction of a. 








that the initial stage of the oxidation of diphenylmethane by chromium trioxide is of second 
order with respect to “‘ active chromium trioxide,” and that four equivalents of Cr¥! are put out 
of action for each equivalent of Cr¥! which is irretrievably reduced to Cr™ on treatment of the 
reaction mixture with water. 

Now the stoicheiometrical equation 4CrO, + 3CH,Ph, + 12HOAc = 3COPh, + 4Cr(OAc),+ 
9H,O would indicate that ? of a mole of diphenylmethane should be oxidised per mole of 
chromium trioxide reduced, and consequently a kinetic. expression which is of first order with 
respect to the hydrocarbon should be of the form (A) 


(A) dx/dt = k(a — 4x)2(b — }x) 
to agree with our previous conclusions concerning the consumption of “ active chromium 
trioxide.’”” The integrated form of (A) is (B) 
4 x 3 b(a — 4x) 
, + . log 
a(ab — $a) "(a — 4x) * (Ga — 402° 8 ab — Fe) 
where the second term is significant only when 6 (the initial concentration of the hydrocarbon) 


is not much greater than a. This expression was found to fit the initial stages of diphenyl- 
methane oxidation quite well up to the time at which x approaches 0°2a. 


(B) At = 
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Fig. 3 illustrates the correspondence between observed and calculated reaction velocities 
for the initial periods of the oxidation, whilst Fig. 4 shows that at high dilution expression (B) 
can hold for the first hour of an oxidation. Table I, giving the correspondence between 


TABLE I. 
Initial velocity constants for oxidation of diphenylmethane with chromium trioxide at 18°. 








aii k (sec."), 

: nitial concns. (g. ven aagiecting incindiog 

CrQs. CH,Ph,. log term. log term. 
[0-009734 0-0145 1-56 1-39] 
0-009734 0-0290 5-60 5-49 
0-009734 0-0594 5-52 5-39 
0-009734 0-1180 4-34 4:34 
0-009734 0-00973 9-21 7-56 





calculated values of k for different hydrocarbon concentrations, demonstrates the validity of 
the assumption that the oxidation of diphenylmethane is approximately of first order with 
respect to the hydrocarbon 

















Fig. 3. Equation (B) applied to the initial 


Graph X. 


Initial concn. 
Initial concn. 


Graph A. 


Initial concn, 
Initial concn. 


vate at 18°. 


of CrO, = 0-01847 g.-mol./l. 
of CH,Ph, = 0-0145 g.-mol./I. 


of CrO, = 0-009734 g.-mol. /I. 
of CH,Ph, = 0-0290 g.-mol. /i. 
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Fig. 4. Equation (B) applied to the reaction 
at 30-5°. 


Graph x. 


Initial concn. 
Initial concn. 


Graph (2. 


Initial concn. 
Initial concn. 


of CrO, = 0-010 g.-mol. /I. 
of CH,Ph, = 0-0075 g.-mol. /I. 


of CrO, = 0-020 g.-mol. /l. 
of CH,Ph, = 0-0150 g.-mol. /I. 


Graph (. 
Initial concn. of CrO, = 0-009734 g.-mol. /I. 
Initial concn. of CH,Ph, = 0-0594 g.-mol. /1. 
(log term neglected since a > b.) 


In all cases the value of a has been normalised. 


The kinetic expression (A) can, at most, give us no more than a clue to the first stage of 
a complex sequence of reactions. It indicates, however, that, whatever may be the way in 
which the Cr¥! is eventually reduced, there first occurs a rate-determining reaction between 
one molecule of hydrocarbon and two molecules of chromium trioxide. Now it is significant 
that Etard (Ann. Chim. Phys., 1881, 22, 218) has shown that the oxidations of hydrocarbons 
RCH, or R”CH, by chromyl chloride in carbon disulphide solution proceed by way of the 
formation of a complex of formula R”CH,,2CrO,Cl, which breaks down on the addition of 
water. We therefore suggest that the oxidation of diphenylmethane by chromium trioxide 
probably proceeds by way of the formation of a complex, CH,Ph,,2CrO,, of similar structural 


type. 


8a 








602 Slack and Waters: A Study of the Mechanism of 


Since we had previously (loc. cit.) found no evidence for even the transient production of 
benzhydrol, or its acetate, from diphenylmethane, we concluded that in the complex, 
CH,Ph,,2CrO,, one chromium atom had become associated with each oxidisable C—H link. 
It was therefore of interest to compare the oxidation of diphenylmethane with that of tri- 
phenylmethane. Though the prolonged oxidation of these two hydrocarbons pursues a very 
similar course, their initial stages are markedly different, and Fig. 5, which gives the results 


Fic. 5. 

















0 20 40 60 8 700 120 140 160 Ted 200 
t(seconds). 


Oxidation of triphenylmethane at 24°. 
Initial concn. of CrO, = 0-010 g.-mol./l. Very large excess of triphenylmethane. 


Graph x. First order relationship : kt o log 1/1 — 4x). 
Graph (). Second order relationship : kt x x/(1 — 4x). 


obtained for an oxidation carried out in the presence of a large excess of hydrocarbon, indicates 
that the appropriate kinetic expression is now 


(C) dx/dt = k(a — 4x) 
which is of first order with respect to the chromium trioxide. 
This would correspond to the formation of a complex of structure CHPh,,CrO,;. In support 


of this hypothesis we have made and analysed the Etard complex of triphenylmethave (com- 
pare Perkin and Law, /J., 1908, 93, 1634) and have found it to be CHPh;,CrO,Cl,. 


DISCUSSION. 

Etard (loc. cit.) showed that complex formation between oxidisable hydrocarbons and 
chromyl chloride occurred without loss of either hydrogen chloride or water, and noted that 
when his complexes were subsequently decomposed by water some Cr¥! was set free. In 
Part III (preceding paper) we described the formation and breakdown of very similar com- 
plexes which may be formed by the action of chromyl chloride on 1 : 2-glycols, and assigned 
to them structures containing Cr¥! of type (I) which we suggested might break down homo- 


cB OH 
(Dou R,C—O: Wi 


I + 2°Cr (II.) 
ON) * R,C—O- Mh. 
1 Cl 


lytically to oxygen and a transient derivative of Cr’. Now a Cr¥! complex with a 
C—O—Cr bond structure cannot be written for a hydrocarbon-chromyl chloride adduct; 


1 H 
la O—crKCl COR, 
H 


me a ae or + 
rR’ \._/0H a * K. 
< aa Na 
(III.) (IV.) + 


Tee 
2 Crill to 1 Crvt 


(III) which has a C-Cr link is the only possible derivative of Cr¥" of similar electronic type to 
(I), whilst (IV) which, like (I), has a C-O-Cr bond is a derivative of Cr'¥. Now (IV) would 
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be expected to break down with water to a ketone and a mixture of both Cr™ and Cr¥!; such 
a fission would correspond very closely to the final course of the Etard reaction, which can 
convert hydrocarbons CH,R, into ketones COR,, and triphenylmethane into triphenylcarbinol 
in almost quantitative yield. We would therefore suggest that the Etard reaction, and prob- 
ably the chromic acid oxidation of hydrocarbons, does at some stage pass through a complex 
of type (IV), but that (III) is the more likely initial product. In this connection it may be 
noted that definite evidence for the real existence of a complex of type (III) can be adduced 
from the fact that the addition complex of o-nitrotoluene and chromyl] chloride decomposes on 
treatment with water according to the scheme 


o-NO,‘C,H,CH,,2CrO,Cl, + 2H,O = o-NO,'C,H,’CH, + 2CrO, + 4HCl 


(von Richter, Ber., 1886, 19, 224; Stuart and Elliot, J., 1888, 58, 803). Here the powerful 
kationoid effect of the vicinal nitro-group presumably prevents electron abstraction by the 
chromium atom. 

The chromium trioxide analogue of (IV) from diphenylmethane, viz., (V), could not 
possibly split into hydrocarbon radicals capable of dimerisation, though 
Ph. Paes such radicals might conceivably be derived from (III) or (VI). Since 
Cc our previous work (Parts I and II) showed distinct evidence of some 
Ph” No—crH slight production of hydrocarbon radicals during the course of the 
(v.) chromium trioxide oxidation of diphenylmethane, we would suggest 
: these might arise in the course of breakdown of a complex of type (III), 

or more probably of an earlier intermediate such as (VI). 


Ph ) Ph re) 
ide reaction a 
\ oe FI ceca ‘e + ch—on 
ri Yo ™ Ph” \ 


is : 7 : 
(VI.) | rth othe (VII) (VIII) 


CPh,(CrO,-OH),  (X.) “aA 





CPh,(O-CrO-OH), (V.) < 


The active fragments (VII and VIII) resulting from the homolysis of the C-Cr link of (V1) 
would be produced in close juxtaposition, and the Franck—Rabinowitch concept of “‘ primary 
recombination ’’ would indicate that the changes (VI) ——> (IX) or (X) ——> (V) should, in 
the main, be intramolecular processes giving separated, i.e., ‘“‘ free”’, radicals such as (VII), 
or transient chromium compounds such as (VIII) only as minor, concurrent, side products. 

It may be pointed out that the odd electron shown in (VIII) cannot be regarded as a valency 
electron, but will have been absorbed at once into an inner shell of the chromium atom. It 
is rational therefore to depict the union of (VII) with (VIII) to give (IX) as a combination of 
carbon with oxygen upon which the electron-seeking chromium nucleus can gain complete con- 
trol of still another electron, and approach more closely to its stable state of Cr™, i.e., 


a i 
R,C° + ae — R,C—O—-Crv 


This is similar to the mechanism which one of us (Waters, Tvans. Faraday Soc., 1946, 42, 186) 
has suggested for the initial attack of chromium trioxide on C-H bonds, viz. 


R—-H + O=Cr —> (R+4+H—O-—Cr) —» H—O—Cr-R 


A possible explanation of the kinetics of the chromium trioxide oxidations of both diphenyl- 
methane and triphenylmethane, which accords with knowledge of the Etard reaction, is there- 
fore that the rate-determining process is the reaction of a molecule of chromium trioxide at 
each available C—H link of the hydrocarbon to give addition complexes of type (X), via (VI), 
which soon change over to rather more stable Cr!¥ complexes of type (V) and are then broken 
down by water, or acetic acid, to the final oxidation products together with a mixture of a 
chromic salt and regenerated Cr¥!. Evidently this breakdown of the C-O-Cr'Y compounds. 
must be slow, for otherwise our kinetic equation (A) would not hold. 

The reaction of diphenylmethane and two molecules of chromium trioxide to give (X) or 
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(V) uses up six equivalents of CrY!. Of these two should be regenerated as Cr¥!, and four con- 
verted into Cr™! when (V) decomposes to yield benzophenone, but evidently in the period in 
which our initial rate determinations were measured only four equivalents (i.e., 4/3 molecular 
proportions) of CrY! are locked up for each one which is finally converted into ‘Crill when the 
complex mixture is poured into water. 

At longer time intervals more extensive breakdown of the organo-chromium complexes 
must occur, for oxidation does not cease when the titre decrease x = 0°25a, as equation (A) 
would suggest, but proceeds, though slowly, until x reaches a much higher value (ca. 0°85a). 
This late stage of the oxidation proceeds at a speed which approaches fairly closely that for a 
reaction of zero order (compare the graphs given in Part II), and this may well correspond 
with the gradual decomposition of the complex (V) with acetic acid, together with the reversible 
equilibria concerned with the locking up of some CrV! as the acetochromate Cr™1(HCrO,)(OAc),. 

We put forward these views, however, only in the form of speculative suggestions of which 
there appears as yet to be little possibility of proof. 


EXPERIMENTAL. 


Isolation of Chromic Acetochromate.—The substance to be oxidised (hydrobenzoin, diphenylmethane, 
or triphenylmethane) (0-2—0-5 g.) was dissolved in glacial acetic acid (10 c.c.) and 4 or 5 drops of a 
5% solution of chromium trioxide in acetic anhydride were added with cooling. In the presence of 
an oxidisable substance only, a precipitate formed almost at once. This was collected on a sintered- 
glass filter, washed with acetic acid, then with carbon tetrachloride, and dried in a vacuum over potassium 
hydroxide and activated charcoal. It was a very hygroscopic chocolate-brown powder. Typical 
samples from different oxidations gave the following analyses: Cr (total), A 7 (4+ 0-5), CrO,, 35-2 
(+ 3-0); OAc, 36-0. C,H,O,Cr, requires Cr (total), 37-4; CrO;, 36-3; OAc, 41-2%. 

Isolation of Chromic “Acetoiodate.—The formation of an insoluble product cal first observed during 
the addition of iodine to an oxidising mixture of diphenylmethane and chromic acid. It was shown 
not to contain the diphenylmethane moiety, and was subsequently prepared by the gradual addition, 
with cooling, of an excess of iodine in glacial acetic acid solution to chromium trioxide in the same 
solvent. The greenish-buff powder was collected on a sintered-glass filter, washed thoroughly with 
glacial acetic acid, and dried in a vacuum. It was insoluble in all common organic solvents, very 
sparingly soluble in cold water but freely soluble in hot water [Found : * Cr (total), 15-1; I, 39-9; I0,, 
54:9. C,H,O,ICr requires Cr (total), 15-1; I, 36-8; I0;, 50-7%]. 

The triphenylmethane—chromyl chloride complex was obtained in over 90% yield by mixing equi- 
molar proportions of triphenylmethane and chromyl chloride in purified carbon tetrachloride solution 
[Found : Cr (total), 12-9. C,,H,,.,CrO,Cl, requires Cr, 13-0%]. 

Method of following the Initial Stages of the Reaction.—All initial rates were measured by mixing 
instantaneously known volumes of standardised reactants and, after measured time intervals, swamp- 
ing the solutions by the addition of standard, freshly-prepared, potassium iodide in dilute sulphuric 
acid. The standardised chromium trioxide solution was first enclosed in a thin glass bulb immersed 
in the reaction vessel which already contained the hydrocarbon solution. After thermal equilibrium 
had been attained the bulb was broken so that the reactants mixed immediately. Reproducible results 
were regularly obtained, providing that the hydrocarbon was present in excess, but when less than 
2 equivalents of hydrocarbon were taken then the titre decrease in 20-sec. intervals became too small 
for accurate measurement. 


One of us (R. S.) thanks the Directors of Messrs. May and Baker Ltd. for granting him special 
leave to undertake this work at Oxford. 
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129. Researches on Acetylenic Compounds. Part XV. The Oxidation 
of Primary Acetylenic Carbinols and Glycols. 


By Sir Ian HErvsron, E. R. H. Jonzes, and F. SoNDHEIMER. 


By employing the method previously devised (Part I, Bowden, Heilbron, Jones, and 
Weedon, 1946, 39) for the oxidation of secondary carbinols and glycols of the acetylenic 


sort, gsite ‘have now been obtained from the corresponding primary compounds in yields of up 
to 40%. 


In Part I of this series (/oc. cit.) it was shown that secondary acetylenic carbinols and glycols 
could be oxidised to the corresponding ketones by means of chromic acid in acetone, excellent 
yields being obtainable in many cases. A study of similar oxidations of primary acetylenic 
carbinols and glycols to the corresponding acids represents a desirable sequel to this work. 


* We thank Mr. R. D. Isabell, of Balliol College, for this analysis. 
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Two isolated examples have already been described in another connexion (Heilbron, Jones, and 
Sondheimer, J., 1947, 1586), the carbinol (I) being oxidised to the acid (II), and the glycol (III) 


HC=C-CH=CH-CH,OH —»> HC=C-CH=CH-CO,H 


(I.) (II.) 
HO-CH,°CH=CH-C=C:C=C-CH=CH’CH,OH —> HO,C-CH=CH-C=C-C=C-CH=CH:CO,H 
(III.) (IV.) 
CH,‘CH,°CH,-CH,C=C-CH=CH:CH,-OH —> CH,‘CH,-CH,-CH,-C=C-CH=CH:-CO,H 
(V.) (VI.) 
HC=C:CH,’CH,°OH _ > HC=C:-CH,°CO,H 
(VII.) (VIII.) 


giving the dibasic acid (IV). A more extensive study of this kind of oxidation has now been 
made with various types of carbinols and glycols, and the reaction appears to be of general 
applicability, although the yields (20—40%) are not as satisfactory as those observed with the 
secondary carbinols. 

When non-2-en-4-yn-1-ol (V) (Haynes, Heilbron, Jones, and Sondheimer, J., 1947, 1583) was 
treated with chromic acid in acetone, it was found that oxidation did not proceed as readily 
as with the lower homologue (I), and only by using a 50% excess of the oxidising agent, and 
re-oxidising the recovered neutral material, could a 21% yield of the acid (VI) be obtained. 
This, unlike the acid (II) containing a free ethynyl group, is.quite stable; its structure was 
confirmed by its light-absorption properties (see table), which are very similar to those of sorbic 
acid. The f-acetylenic alcohol, but-3-yn-l-ol (VII), could be oxidised similarly to give a 28% 
yield of the interesting prop-2-yne-1l-carboxylic acid (ethynylacetic acid) (VIII), the structure of 
which was confirmed by hydrogenation to butyric acid. 

When the glycol (IX) (Heilbron, Jones, Lacey, McCombie, and Raphael, J., 1945, 77) was 
oxidised in the usual way with excess of chromic acid, a 23% yield of the unstable keto-acid (X) 
could be isolated, the structure of which was confirmed by the formation of a 2 : 4-dinitrophenyl- 
hydrazone and by its light-absorption properties (see table). 


Amax., A. Emax.- Amax., A. Emax.- 
(II) # 2420 12,500 Dimethyl ester of (XII) 2500 15,00 
(VI) 2560 17,000 2550 15,000 
Sorbic acid 2540 25,000 2650 12,000 
Muconic acid ? 2650 25,000 
(X) 2600 12,000 
2720 11,000 


1 Heilbron, Jones, and Sondheimer, J., 1947, 1586. 
2 Hausser, Smakula, Kuhn, and Hoffer, Z. physikal. Chem., 1935, B, 29, 371. 


The glycol (XI) (Heilbron, Jones, and Sondheimer, J., 1947, 1586) was similarly oxidised in 
40% yield to the dibasic acid (XII), which could not readily be purified and gave erratic 
analytical results. It was, however, readily converted into the crystalline dimethyl ester, the 
structure of which was confirmed by its light-absorption data; these are very similar to those of 
the closely related muconic acid (HO,C*-CH—CH*CH—CH:CO,H), though as usual the presence 
of the acetylenic bond causes a marked decrease in the intensity of maximal absorption. 


CH,-CH,CH,"CH(OH)-C=C-CH=CH-CH,OH —> CH,°CH,-CH,CO-C=C-CH=CH:CO,H 


(IX.) (X.) 
HO-CH,’CH=CH-C=C-CH,,OH —»> HO,C’-CH=CH-C=C-CO,H 
(XI.) (XIL.) 


It was reported by Johnson (J., 1946, 1009) that attempts to oxidise butyne-1 : 4-diol to 
acetylenedicarboxylic acid both with chromic acid and under Oppenauer conditions resulted in 
failure. We have found that oxidation of the diol with a 25% excess of chromic acid in acetone 
gave, after continuous extraction of the product, a 23% yield of the dicarboxylic acid, identical 
with an authentic sample. In this connexion it was of interest to investigate the behaviour of a 
primary acetylenic carbinol in an Oppenauer-type oxidation (cf. Heilbron, Jones, and Richardson, 
J., 1949, 287). When pent-2-en-4-yn-l-ol (I) was heated under reflux with aluminium 

Ph:C=C-CH=CH:CH,,OH —> Ph:C=C-CH=CH-CH=CH:CO:CH, 
(XITII.) (XIV.) 
tert.-butoxide in benzene and acetone, only polymeric material could be isolated. This is 
probably because of the presence of a free ethynyl group in the molecule, as the carbinol (XIII) 
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(Haynes, Heilbron, Jones, and Sondheimer, jJ., 1947, 1583) behaved normally under these 
conditions, and the ketone (XIV) arising from condensation of the intermediate aldehyde with 
acetone (cf. Batty, Burawoy, Harper, Heilbron, and Jones, J., 1938, 175) could be isolated. 


EXPERIMENTAL. 


Light-absorption data were determined in alcoholic solutions, unless stated otherwise. 

The chromic acid solution used for the oxidations described below was made by diluting a mixture of 
chromium trioxide (100 g.) and concentrated sulphuric acid (160 g.) to 500 c.c. with water. 

Oct-1-en-3-yne-1-carboxylic Acid (V1).—The chromic acid solution (36 c.c.) was added to a stirred and 
cooled solution of non-2-en-4-yn-l-ol (5-0 g.; Haynes, Heilbron, Jones, and Sondheimer, Joc. cit.) in 
acetone (30 c.c.) during 20 minutes, the temperature being kept at 10°. After a further 16 hours’ stirring, 
water was added, and the acidic material was extracted to give a syrup (2-5 g.). By re-oxidising the 
neutral portion, another 0-7 g. of acidic material was obtained. The combined acidic fractions were 
distilled; the fraction, b. p. 116—118°/10-* mm., partly solidified, and on crystallisation from pentane 

ave oct-1-en-3-yne-1-carboxylic acid (1-16 g.; 21%) as plates, m. p. 43—44°, which on recrystallisation 
rom the same solvent was increased to 45° (Found: C, 70-35; H, 7-75. C,H,,O, requires C, 71-0; 
H, 7:°95%). In an experiment in which only a 10% excess of chromic acid was used (and the neutral 
fraction was not re-oxidised), only a 9% yield of the acid was obtained. 

Prop-2-yne-1-carboxylic Acid (Ethynylacetic Acid) (VIII).—The chromic acid solution (350 c.c.) was 
added to a stirred and cooled solution of but-3-yn-l-ol (38 g.; Macallum, U.S.P. 2,125,384) in acetone 
(350 c.c.) during 105 minutes, the temperature being kept at about 20°. After another 45 minutes’ 
stirring, water was added, and the solution was saturated with salt and continuously extracted with ether 
for 16 hours. Evaporation of the dried extract and crystallisation of the residue from light petroleum 
(b. p. 40—60°) gave the acid (12-6 g.) as plates, m. p. 80—82°, which on further crystallisation from the 
same solvent was increased to 83—83-5° (Found: C, 56-85; H, 4:9. C,H,O, requires C, 57-15; H, 
4-8%). The S-benzylisothiouronium salt crystallised from ethanol in plates, m. p. 153° (Found : N, 11-0. 
C,,H,,0,N,5 requires N, 11-15%). 

A solution of the acid (0-8 g.) in methyl acetate (40 c.c.) was shaken in hydrogen with platinic oxide 
(20 mg.) (434 c.c. of hydrogen absorbed at 21°/772 mm. equivalent to 1-95). The crude butyric acid 
(0-8 g.) was converted into the p-bromophenacy] ester which formed leaflets, m. p. 61—62°, undepressed 
on admixture with an authentic specimen (m. p. 62°). 

Oct-1-en-3-yn-5-one-1-carboxylic Acid (X).—The chromic acid solution (10-3 c.c.) was added to a 
stirred and cooled solution of non-2-en-4-yne-1 : 6-diol (1-21 g.; Heilbron, Jones, Lacey, McCombie, and 
Raphael, loc. cit.) in acetone (10 c.c.) during 15 minutes, the temperature being kept below 25°. After 
a further 15 minutes’ stirring, water was added and the acidic material was extracted. Evaporation of 
the ethereal extract and crystallisation of the residue from light petroleum (b. p. 40—60°) gave the 
keto-acid (0-30 g.) as plates, m. p. 58—59°, which on further crystallisation from the same solvent was 
raised to 62° (Found: C, 65-65; H, 6-1. C,H,.O, requires C, 65-05; H, 605%). The 2 : 4-dinitro- 
phenylhydrazone crystallised from aqueous methanol in orange plates, m. p. 151—152° (Found : N, 16-1. 
C,3;H,,0O,N, requires N, 16-2%). Light absorption : Main band, maximum, 3770 a.; ¢ = 26,500. 

But-1-en-3-yne-1 : 4-dicarboxlic Acid (XII).—Chromic acid solution (63 c.c.) was added to a stirred 
and cooled solution of hex-2-en-4-yne-1 : 6-diol (4-0 g.; Heilbron, Jones, and Sondheimer, Joc. cit.) in 
acetone (50 c.c.) during 30 minutes, the temperature being kept below 30°. After another hour’s stirring 
at room temperature, water was added and the mixture was thoroughly extracted with ether. The 
acidic material was removed by washing with sodium hydrogen carbonate solution, which after 
acidification and another thorough extraction with ether gave the crude di-acid (2-05 g.) as a pale yellow 
powder, charring at ca. 160° and decomposing vigorously at ca. 240°. It could be sublimed at 130° 
(bath temp.)/10- mm., and after recrystallisation from nitroethane it was obtained as a white 
microcrystalline powder, decomposing on heating as before. It gave erratic analytical results. 

The di-acid (0-5 g.) was refluxed with methanolic sulphuric acid (25%; 25 c.c.) for 20 hours. 
Working up in the usual way gave dimethyl but-l-en-3-yne-1 : 4-dicarboxylate (0-45 g.), which after 
crystallisation from light petroleum (b. p. 40—60°) or aqueous methanol formed plates, m. p. 53° (Found : 
C, 56-9; H, 4-95. C,H,O, requires C, 57-15; H, 4-8%). 

Acetylenedicarboxylic Acid.—The chromic acid solution (58 c.c.) was added to a stirred and cooled 
solution of butyne-1 : 4-diol (3-0 g.) in acetone (60 c.c.) during 30 minutes, the temperature being kept at 
ca. 10°. Stirring was continued at room temperature for a further 16 hours; water was then added, 
and the organic material was removed by continuous ether extraction for 12 hours. Evaporation of the 
dried ether extract, followed by drying in a vacuum desiccator for 36 hours and finally crystallisation 
from nitroethane, gave acetylenedicarboxylic acid (0-92 g.; 23%) as prisms, m. p. 176—177° (decomp.), 
undepressed on admixture with an authentic specimen, m. p. 178° (decomp.). 

8-Phenylocta-3 : 5-dien-7-yn-2-one (XIV).—A mixture of 5-phenylpent-2-en-4-yn-l-ol (4 g.; Haynes, 
Heilbron, Jones, and Sondheimer, /oc. cit.), aluminium #ert.-butoxide (8 g.), benzene (200 c.c.), and acetone 
(80 c.c.) was refluxed in nitrogen for 42 hours. Dilute acid was added, and the dried organic layer was 
evaporated. The red syrup which remained was dissolved in ethanol (90 c.c.) and acetic acid (9 g.), and 
Girard reagent T (7 g.) was added. The solution was refluxed for 1 hour, cooled, and poured into ice and 
water (800 g.) containing enough sodium hydrogen carbonate to neutralise 90% of the acetic acid. The 
solution was thoroughly extracted with ether; ether (300 c.c.) and sulphuric acid (100 c.c.; 25%) were 
then added to the aqueous layer, and the mixture was left for 2 hours with occasional shaking. The 
ether layer was separated, dried, and evaporated. The liquid residue was distilled at 110° (bath 
temp.) /10~ mm., to give a yellow viscous oil (1-2 g.), which after 24 hours at 0° partly solidified. 
Crystallisation from light petroleum (b. p. 40—60°) gave 8-phenylocta-3 : 5-dien-7-yn-2-one (0-75 §) as 
light yellow plates, m. p. 67° (Found : C, 85-85; H, 6-3. C,,H,,O requires C, 85-65; H, 6-15%). Light 
absorption: Maxima, 2280, 2380, 3270 a.; © = 10,000, 10,000, = 35,000, respectively. Inflexion, 
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3380 a.; © = 35,000. The 2: 4-dinitrophenylhydrazone crystallised from methanol-ethyl acetate as 
dark red prisms, m. p. 207—209° (Found: N, 15:2. C,)H,,0O,N, requires N, 14-9%). Light absorption 
(in chloroform) : Main band, maximum, 4110 a.; ¢ = 36,500. 


The authors thank the Rockefeller Foundation for financial assistance; one of them (F.S.) is indebted 
to the University of London for a Postgraduate Studentship. The oxidation of butynol was carried out 
by Mr. K. H. Sargent who thanks the Department of Scientific and Industrial Research for a maintenance 
grant. Light-absorption data were determined by Dr. E. A. Braude. 
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130. Researches on Acetylenic Compounds. Part XVI. The Prepar- 
ation, Reactions, and Lnght-absorption Properties of Some 2: 5-Di- 
hydroacetophenones and Related Compounds (Studies in Light 
Absorption. Part V). 


By E. A. BRAUDE, E. R. H. JongEs, F. SONDHEIMER, and J. B. Toocoop. 


2 : 5-Dihydroacetophenones, various types of which have been prepared by Diels—Alder 
reactions between butadienes and acetylenic ketones, have been found to dehydrogenate too 
readily to permit of their utilisation for the synthesis of perhydrophenanthrene ketones by 
Michael-type reactions with cyclohexanone. The sole products which could be isolated from 
such reactions were cyclohexylideneacetophenones. 

The isolated ethylenic linkage in these dihydroacetophenones can be converted into an 
epoxide group, with perbenzoic acid, and also hydrogenated, using a palladium catalyst, without 
affecting the af-unsaturated ketone grouping in eithercase. The 4-ethoxy-compound is readily 
isomerised to the conjugated 4-ethoxy-2 : 3-dihydroacetophenone on treatment with alcoholic 
potassium hydroxide. 

The ultra-violet light-absorption properties of the various compounds are recorded and 
compared with those of acetylcyclohexene. The unexpectedly large influence of the “ isolated ”’ 
3 : 4-double bond and of 2-alkyl substituents on both the location and intensity of the maxima 
is discussed in terms of steric and hyperconjugation effects. 


THE work described in this paper was undertaken initially with the object of synthesising model 
substances similar to the provitamins of the D group. In 1938 Huber (Ber., 71, 725), employing 
the general conditions of Rapson and Robinson (J., 1935, 1285), succeeded in effecting a Michael 
condensation between cyclohexanone and 1-acetyl-2-methylcyclohexene, obtaining a non-crystal- 
line ketone to which the structure (I) was assigned. Ponndorf reduction, followed by direct 
dehydration or elimination of benzoic acid from the benzoate, gave the required provitamin D 
analogue (II) invariably admixed with isomeric hydrocarbons such as (III), from which it could 


Me 


Cy 4) "i © 

OD 
WY 4\&¢ WY 

(I.) (IT.) (III.) (IV.) 


not be separated. Bagchi and Banerjee (J. Indian Chem. Soc., 1946, 23, 397) carried out a 
similar condensation with a more complex cyclic ketone, but the product also was non-crystalline. 

It seemed to us that repetition of this work in such a manner as to obtain a product [e.g., (IV)] 
containing a hydroxyl group not only represented a closer approach to the structure of the D 
provitamins but also afforded the opportunity of obtaining the model compound in a pure 
condition, since it was to be expected that purification of the anticipated mixture of isomers 
via the dinitrobenzoates or other derivatives would not present any great difficulty. 

it has been shown in these laboratories by Bowden and Jones (J., 1946, 52) that acetylenic 
ketones react, readily with conjugated dienes to give dihydrobenzene ketones. ‘ Thus methyl 
ethynyl ketone and butadiene at 120° give 2: 5-dihydroacetophenone in 75% yield. From 
a diene such as (V; R = EtO or AcO) and pent-3-yn-2-one (VI), a mixture of the two ketones 
(VII) and (VIII) should result. Separation of these two products, followed by Michael 
condensation of the former with cyclohexanone, should give the compound (IX), leading to the 
desired model compound (IV) after hydrolysis, followed by reduction and preferential 
dehydration. 
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An alternative route required the ketone-epoxide (X) which appeared to be obtainable 
from 2-methyl]-3 : 6-dihydroacetophenone (VII; R =H), either by condensation with cyclo- 
hexanone followed by treatment of the perhydrophenanthrene ketone with perbenzoic acid, or 
preparation of the oxide and condensation of this with cyclohexanone. By treating (X) with 
appropriate reagents the oxide ring could be opened up, leading as before to compounds of 
type (IV). 


CH, CH, 
cH, + ® 


es 

| | CH, 

co War 
(VIII.) 


I 


ue) 
(IX.) YY 
RK ) 


Unfortunately it has been found that these 2 : 5-dihydroacetophenones [e.g., (VII)] cannot 
be made to undergo the normal Michel reaction with cyclohexanone, apparently because of their 
extremely ready dehydrogenation to acetophenones, and consequently the desired hydro- 
phenanthrene ketones could not be obtained. Alternative routes to these compounds are being 
investigated. 

When 2: 5-dihydroacetophenone was condensed with sodiocyclohexanone (from cyclo- 
hexanone and sodamide) by the method of Rapson and Robinson (loc. cit.), a complex 
mixture resulted which could not have contained more than traces of the required ketone 
(IX; R = H, and without the Me group). The use of Huber’s catalyst (potassium isopropoxide 
and pyridine) gave a crude product which consisted essentially of cyclohexylideneacetophenone, 
identical with the substance prepared by Farrow and Kon (J., 1926, 2128) from cyclohexanone 
and acetophenone. The formation of this substance is attributed to the oxidation of the 
dihydroacetophenone by means of the cyclohexanone—potassium isopropoxide combination (the 
former being reduced to the alcohol as in the Oppenauer method), the resulting acetophenone 
then condensing with the excess of cyclohexanone under the influence of the basic catalyst. 

This ready dehydrogenation of 2: 5-dihydroacetophenones has been demonstrated in 
several other ways. Thus when 2: 5-dihydroacetophenone was heated in a metal autoclave at 
175° for 12 hours there was obtained, besides much polymer, a 20% yield of acetophenone 
(isolated as its 2 : 4-dinitrophenylhydrazone), and no trace of the starting material could be 
recovered. This probably explains the fact that, when Bowden and Jones (loc. cit.) heated 
2: 5-dihydrobutyrophenone with butadiene at 170—180°, no secondary adduct could be 
obtained; the ‘‘ unchanged ”’ dihydrobutyrophenone recovered was probably butyrophenone. 

By treating 2 : 5-dihydroacetophenone with perbenzoic acid, 4 : 5-epory-1-acetylcyclohexene 
(XI), m. p. 35°, was obtained in 55% yield. A certain amount of dehydrogenation had again 
taken place, as the lower boiling fractions contained much acetophenone. When an attempt 
was made to condense this oxide with sodiocyclohexanone hardly any high-boiling product was 
formed, and from the preliminary fractions acetophenone (25% yield) was again isolated. 
Similarly, when the oxide was treated with sodamide in ether, acetophenone (20% yield) was 
produced together with much water-soluble material. It was shown by Haynes, Heilbron, 
Jones, and Sondheimer (jJ., 1947, 1583) that when phenylpropylene oxide was treated with 
sodamide (in liquid ammonia) it was rearranged to cinnamyl alcohol. A similar rearrangement 
of the oxide probably occurs in this case, the intermediate carbinol dehydrating to give 
acetophenone. 


CH,—CH—CH,Ph —> HO-CH,—CH=CHPh 


Deo] +O 
oC Jom taal [ a leone | me \ come 


(XI) 
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Hydration of the oxide (XI) with dilute sulphuric acid gave 4 : 5-dihydroxy-1-acetylcyclo- 
hexene, m. p. 77°, in excellent yield. 

Pent-3-yn-2-one (VI) was prepared originally by Yvon (Compt. vend., 1925, 180, 748) by 
condensing sodiopropyne (made by passing propyne into an ethereal suspension of sodamide) 
with acetyl chloride. This method gives unsatisfactory yields, and the reaction between propyne 
and sodamide is very slow. Several attempts were made to prepare (VI) by adding an ethereal 
suspension of propynemagnesium chloride to excess of acetic anhydride at —30° (cf. Kroeger 
and Nieuwland, J. Amer. Chem. Soc., 1936, 58, 1861; Bowden, Heilbron, Jones, and Weedon, 
J., 1946, 39), but again only poor yields of the ketone were obtained; the product always 
contained some of the tertiary carbinol formed by further reaction of the ketone with the 
Grignard reagent. A satisfactory method was finally found by condensing propynemagnesium 
bromide with acetaldehyde (cf. Iotsitch, Cholokhof, Andereg, and Levinson, J. Russ. Phys. Chem. 
Soc., 1909, 41, 529) and then oxidising the pent-3-yn-2-ol so formed with chromium trioxide in 
acetone to give pent-3-yn-2-one (VI) in 70% yield. The structure of this ketone was rigidly 
established by its light-absorption properties and by complete hydrogenation to methyl propyl 
ketone. It was found to be much less reactive than methyl ethynyl ketone towards butadiene, 
and after 6 hours’ heating at 125—135° only a 20% yield of 2-methyl-3 : 6-dihydroacetophenone 
(VII; R = H) was obtained; however, all the unreacted acetylenic ketone could be recovered. 
The structure of (VII; R = H) was confirmed by spectrographic data and dehydrogenation 
to o-methylacetophenone. From an attempted Michael condensation with cyclohexanone, 
using a potassium isopropoxide—pyridine catalyst, the only higher-boiling material which could 
be isolated was cyclohexylidene-o-methylacetophenone, which was also synthesised independently 
from o-methylacetophenone and cyclohexanone. The methyldihydroacetophenone (VII; 
R = H) behaved in the same way as the unsubstituted compound towards perbenzoic acid, 
giving an epoxide, although only in 20% yield. 

Butadiene was condensed with oct-3-yn-2-one (Kroeger and Nieuwland, Joc. cit.; Bowden, 
Heilbron, Jones, and Weedon, /oc. cit.), and at 120—130° a 35% yield of 2-n-butyl-3 : 6-dihydro- 
acetophenone was obtained, most of the unchanged ketone again being recoverable. The ready 
conversion of these dihydroacetophenones into benzenoid compounds is again illustrated by the 
formation of o-n-butylacetophenone (75% yield) on treatment of the dihydro-compound with 
excess of chromium trioxide in acetone. 

Not only can the isolated ethylenic linkage in these dihydroacetophenones be oxidised 
preferentially with perbenzoic acid, but it can also be hydrogenated without affecting the 
a§-unsaturated ketone system. By using a palladium—calcium carbonate catalyst, 2 : 5-dihydro- 
acetophenone can be converted into acetylcyclohexene (80% yield) ; its homologue (VII; R = H) 
gives l-acetyl-2-methylcyclohexene (75%), and 2-n-butyl-3 : 6-dihydroacetophenone gives the 
corresponding 1-acetyl-2-n-butylcyclohexene (70%). 

The condensation of 2-ethoxy-1 : 3-butadiene (V; R = OEt) (prepared from butadiene 
according to Petrov, Acta Univ. Voronegiensis, 1935, 8, 68) with methyl ethyny] ketone has also 
been studied; different products are obtained according to the experimental conditions employed. 
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The straightforward Diels-Alder reaction between these two compounds could yield the two 
isomeric ketones (XII) and (XIII), but if (XIII) was produced at all it could only have been in 
very small yield. When equimolecular amounts of the two reactants were heated at 130—140° 
in a “‘ Pyrex” tube, a semi-solid product resulted from which a 55% yield of the crystalline 
4-ethoxy-2 : 5-dihydroacetophenone (XII) was isolated. Otherwise identical experiments carried 
out in a metal autoclave gave only yields of up to 15% of the same product (XII), the main 
bulk of the material in these cases, and the minor proportion when the reaction was carried out 
in glass, being the isomeric 4-ethoxy-2 : 3-dihydroacetophenone (XIV). The last substance was 
subsequently found to be formed from the unconjugated isomer (XII) by treatment in the cold 
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with alcoholic potassium hydroxide. The structures of these two isomers are confirmed by 
their light-absorption properties, and they gave identical yields of p-ethoxyacetophenone (XV) 
on dehydrogenation with chloranil. When the addition reaction in the metal autoclave was 
carried out at a higher temperature (150°), some p-ethoxyacetophenone (25% estimated by 
light-absorption measurements) was formed; its presence was confirmed by its isolation as the 
2 : 4-dinitrophenylhydrazone. This result was not unexpected in view of the behaviour of 
2 : 5-dihydroacetophenone in an autoclave at 175°. 

When 4-ethoxy-2 : 5-dihydroacetophenone (XII) was condensed with cyclohexanone, using 
a potassium isopropoxide—pyridine catalyst, p-ethoxycyclohexylideneacetophenone, m. p. 75°, was 
the only product which could be isolated. 

The ultra-violet light-absorption properties of the various compounds described in this 
paper, which present a number of points of interest, are collected together in the Table. An 
inspection of the data shows that the selective absorption of the «$-unsaturated ketone system 
present in the parent compound, acetylcyclohexene (a), is considerably altered by alkyl sub- 
stituents in the 2-position, as well as by the introduction of a double bond in the “‘ isolated ” 
3: 4-position. The effects observed can be summarised as follows : 

(i) A 2-methyl substituent (b) increases Ang, by ca. 150a., and lowers e,,, by nearly 50%. 
The effect of a 2-n-butyl substituent (c) is very similar, the lowering of ¢,,, being slightly 
greater. 

(ii) Two hydroxyl substituents in the 3 : 4-positions (d) or a 3: 4-oxido-ring (e and f) have 
only negligible effects. 

(iii) Introduction of a 3 : 4-double bond into acetylcyclohexene itself, to give 2 : 5-dihydro- 
acetophenone (g), again increases A,,,x, by ca. 150 a. and lowers ¢,,, by ca. 50%. However, 
introduction of a 3: 4-double bond into 1l-acetyl-2-methyl- or -2-butyl-cyclohexene (h and i) 
has little further effect, nor is any effect observed if a 4-ethoxyl substituent is present (7). 

(iv) Introduction of a double bond in the conjugated 4: 5-position (k) results in the 
expected larger bathochromic displacement of Amax - 

The observations grouped under (i) and (iii) are at first sight somewhat surprising, since 
the effect of an alkyl group attached to a conjugated system is normally confined to a small 
bathochromic displacement, while an “‘ isolated ’’ ethylenic bond is usually assumed to be without 
influence (cf. Braude, Ann. Reports, 1945, 42, 105). There can be hardly any reason to doubt 
that the structures assigned to the present compounds are correct and that they have been 
obtained in a pure condition. 

Considering first the effect of a 2-alkyl substituent, the pronounced lowering in intensity is 
exactly analogous to that observed in o-alkylstyrenes, diphenyls, and related systems (Rodebush 
and Feldman, J. Amer. Chem. Soc., 1946, 68, 896, and earlier papers; Carlin and Constantine, 
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ibid., 1947, 69, 50), and is undoubtedly due to the steric interference, shown by scale models, 
between the 2-alkyl substituent and the methyl group of the —COMe side chain. This steric 
interference decreases the planarity of the molecule, thus reducing the extent of resonance in the 
conjugated system and therefore decreasing the probability of the electronic transition giving 
rise to the high-intensity band. The occurrence of this effect in benzenoid systems is now well 
established, but the existence of this type of resonance inhibition in non-aromatic compounds 
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has only recently been recognised. Further examples will be reported in Part VI of the Light 
Absorption series (Braude, Jones, Koch, Richardson, Sondheimer, and Toogood) where a more 
detailed discussion will be presented. The small increase in 1,,, also associated with the 
introduction of a 2-alkyl substituent is fully to be expected, being of the same order of magnitude 
as that observed with alkyl substitution of aliphatic «$-unsaturated carbonyl compounds 
(Woodward, J. Amer. Chem. Soc., 1941, 68, 1123; Evans and Gillam, J., 1941, 815; 1945, 
432). 

The interpretation of the effect of the “‘ isolated ”’ 3 : 4-ethylenic bond is less straightforward. 
The somewhat abnormal light-absorption properties of 2 : 5-dihydroacetophenones have already 
been noted (Bowden and Jones, /oc. cit.), and clearly indicate considerable electronic interaction 
between the isolated double bond and the main chromophoric system. This interaction could 
be a direct “‘ spatial” one, acting across the centre of the 6-membered ring, or could take place 
via the methylene groups separating the two ethylenic linkages. In other words, the interaction 
either (a2) depends on the geometrical alignment of the ethylenic linkages in the cyclohexa-1 : 4- 
diene ring, or (b) depends on strong hyperconjugation of the cyclomethylene groups, with contri- 
butions from resonance forms such as (m) and (m). Hypothesis (a) appears intrinsically less 
likely in view of the directional properties of the z-electron orbitals and the comparatively large 
distance (ca. 2°5 a.) between opposite sides of the cyclohexadiene ring, and would amount to 
the incursion of ring-chain tautomerism as represented in (0). The occurrence of this type of 


Ht 


FG sass Ooo 


+ 
(m) (n) 

interaction in dibromophorone and in hexa-1 : 5-diene-1: 1:3:3:4:4:6: 6-octacarboxylic esters 
has been postulated (Ingold and Shoppee, J., 1928, 365; Ingold, Parekh, and Shoppee, /., 1936, 
142), but has been disproved in the latter case (Bateman and Jeffrey, J., 1945, 211; Batemanand 
Koch, J., 1945, 216). In the present instance, interaction between the 1 : 2- and 3 : 4-ethylenic 
bonds as represented in (0) would be expected to result in some inertness of the 3 : 4-ethylenic 
bond towards addition reactions, whereas, in fact, hydrogenation and epoxidation of this bond 
appear to proceed with normal ease. Hypothesis (b), on the other hand, seems quite plausible 
and bears an obvious relationship to the pronounced hyperconjugation known to exist (Mulliken, 
J. Chem. Physics, 1939, 7, 121, 339) in cyclopentadiene (Ay,x, 2440 a.) where it results in a highly 
“ activated ’’ methylene group and in the displacement of maximal absorption by ca. 200 a. with 
respect to the open-chain analogue, methylbutadiene (A,,,, 2235.) (Pickett, Paddock, and 
Sackter, J. Amer. Chem. Soc., 1941, 68, 1073; Booker, Evans, and Gillam, J., 1940, 1453). In 
cyclohexa-1 : 3-diene (Anax, 2560. Henri and Pickett, J. Chem. Physics, 1939, 7, 439) the 
bathochromic displacement is even greater. A similar effect should be operative in cyclohexa- 
1 : 4-diene and also in 1 : 4-dihydronaphthalene. The former has been little studied, since the 
selective absorption lies below 2000 a. (as would be expected even if the hypercongation effect 
were considerable). 1: 4-Dihydronapthalene has been examined by Morton and Gouveia (/., 
1934, 911) who found that its absorption showed only small differences from that of tetralin. 
Similarly, the location of the high-intensity band of indene is identical with that of B-methy]l- 
styrene. The hyperconjugating effect is thus evidently much more pronounced with the more 
highly polarisable unsaturated ketone system present in 2 : 5-dihydroacetophenone than with 
the benzene chromophore. 

Although hyperconjugation in the cyclohexa-1 : 4-diene ring readily accounts for the increase 
iN Amax., the decrease in ¢,,, still remains to beexplained. This cannot be a simple steric effect 
as in the case of a 2-alkyl substituent, nor is it likely to be brought about by the very small 
change in valency angles due to the introduction of the 3 : 4-double bond. It could be understood 
in terms of spatial double-bond interaction as in (0) but, as is shown above, such a hypothesis is 
not supported by other evidence. It therefore appears that the lowering of ¢,,,, must also be 
due in some way to the increased conjugation of the acetyl side-chain with the ring system, and 
although this effect is surprisingly large, it is somewhat analogous to the decrease in intensity 
generally associated with increasing cyclic symmetry of a chromophore. The idea of increased 
hyperconjugation in cyciohexa-1 : 4-dienes as compared with cyclohexenes is amenable to a 
number of experimental tests which it is hoped to carry out as soon as opportunity permits. 

The non-operation of the effect of a 3: 4-ethylenic bond in the presence of a 2-alkyl 
substituent must again be due to the steric displacement of the acetyl side-chain out of the plane 
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of the ring, thus preventing contributions from co-planar resonance forms such as (m) and (n), 
while, in the presence of a 4-ethoxyl group, conjugation of the double bond with the latter 
presumably takes preference over interaction with the methylene groups. 


EXPERIMENTAL. 
(All light-absorption data were determined in alcoholic solution unless otherwise stated.) 


Condensation between 2: 5-Dihydroacetophenone and cycloHexanone.—Potassium (22 g.), in small 
pieces, was suspended in dry ether (800 c.c.), and isopropyl alcohol (110 c.c.) was added with stirring 
in nitrogen during $hour. When all the potassium had dissolved, a mixture of 2 : 5-dihydroacetophenone 
(50 g.; Bowden and Jones, J., 1946, 52), cyclohexanone (45 g.), and pyridine (200 c.c.) was gradually 
added, and the solution was kept under nitrogen for 46 hours. Decomposition with dilute sulphuric acid, 
followed by working up with ether, gave a product from which by fractionation cyclohexylideneaceto- 
phenone (21-3 g.), b. p. 117—122°/0-01 mm., was obtained. After regeneration from the semicarbazone 
(plates from aqueous methanol, m. p. 124°) it had b. p. 97—98°/10-* mm., ??" 1-5502. Light absorption : 
Maximum, 2420a.; ¢ = 13,500. The 2: 4-dinitrophenylhydrazone crystallised from ethanol in orange 
plates, m. p. 165° (Found: C, 63-5; H,5-6. Calc. for C,>H,.O,N, : C, 63-15; H,5-3%). Them. ps. of the 
derivatives were not depressed on admixture with authentic samples from cyclohexylideneacetophenone 
prepared by the method of Farrow and Kon (loc. cit.) (these workers give b. p. 176—178°/17 mm., n}** 
1-5589, for the ketone, and m. p. 120—121° for the semicarbazone; Marvel and Walton, J. Org. Chem., 
1942, 7, 88, give m. p. 163—164° for the 2 : 4-dinitrophenylhydrazone). 

4: 56-Epoxy-1-acetylcyclohexene (XI).—2 : 5-Dihydroacetophenone (33-1 g.) was added to an ice-cooled 
chloroform solution of perbenzoic acid (770 c.c.; Braun, Org. Synth., Coll. Vol. I, p. 431), containing 
3-87 x 10 g.-atoms of active oxygen per c.c. (10% excess). The mixture was allowed to reach room 
temperature and it was then kept for 18 hoursin the dark. Isolation gave 4 : 5-epoxy-1l-acetylcyclohexene 
(27-2 g.), b. p. 69—71°/0-05 mm., n}?}* 1-5122, as a mobile liquid, which rapidly solidified. Crystallisation 
from ether-light petroleum (b. p. 40—60°) gave plates (21-0 g.), m. p. 33—34°, which by further crystal- 
lisation was increased to 35° (Found: C, 69-5; H, 7-35. C,H, .O, requires C, 69-55; H, 7-°3%). Light 
absorption: see Table. The semicarbazone crystallised in needles from ethanol, m. p. 228° (Found: 
N, 21-9. C,H,,0,N; requires N, 21-55%). The use of permonophthalic acid instead of perbenzoic acid 
considerably decreased the rate of epoxidation. 

When an ethereal solution of the oxide was stirred for some hours with either sodamide or the sodio- 
derivative of cyclohexanone, acetophenone was, isolated in about 20% yield. It was characterised as 
the 2 : 4-dinitrophenylhydrazone, m. p. (and mixed m. p.) 248°. 

4 : 5-Dihydroxy-1-acetylcyclohexene.—4 : 5-Epoxy-l-acetylcyclohexene (2-0 g.) was dissolved in water 
(15 c.c.), and concentrated sulphuric acid (3 drops) was added. The solution was then heated on the 
steam-bath under reflux for 12 hours, and the sulphuric acid was removed by adding barium hydroxide 
solution, the excess of which was precipitated by saturation with carbon dioxide. The inorganic salts 
were filtered off, the solvent was evaporated, and the residue was distilled to give 4: 5-dihydroxy-1- 
acetylcyclohexene (1-85 g.; 82%) as a very viscous liquid, b. p. 153°/0-1 mm., which after several days at 
room temperature set toa solid, m. p. 73—75°. Crystallisation from ethyl acetate—benzene or nitroethane 
gave needles, m. p. 77° (Found: C, 61-45; H, 7:85. C,H,,0, requires C, 61-55; H, 7:75%). Light 
absorption : see Table. The 2 : 4-dinitrophenylhydrazone crystallised from ethanol in orange hexagonal 
plates, m. p. 246—248° (Found: N, 16-6. C,,H,,O,N, requires N, 16-65%). 

Pent-3-yn-2-one (V1).—A solution of chromium trioxide (172 g.) in concentrated sulphuric acid 
(146 c.c.) diluted to 860 c.c. with water was added during 3 hours to a stirred solution of pent-3-yn-2-ol 
(195 g.) (prepared by the method of Iotsitch ef al., loc. cit.) in acetone (300 c.c.) at 5—10°. After a 
further 30 minutes’ stirring, the mixture was diluted with water to 2500 c.c., and the product was isolated 
with ether; distillation then gave pent-3-yn-2-one (130 g.) as a somewhat lachrymatory liquid, b. p. 
73-5—74-5°/95 mm., n??*° 1-4380 [Yvon, loc. cit., gives b. p. 132-5—133-5°, nf? 1-1411 (probably a 
misprint)] (Found: C, 73-05; H, 7°55. Calc. for C;H,O: C, 73-15; H, 7-4%). Light absorption : 
Maximum, 2210a; e = 7500. The 2: 4-dinitrophenylhydrazone formed yellow needles, m. p. 149°, 
from alcohol (Found: N, 21-4. C,,H,.O,N, requires N, 21-4%). Light absorption: Maximum, 
3600 a.; ¢ = 30,000. 

A solution of the ketone (0-46 g.) in methyl alcohol (30 c.c.) was shaken with platinic oxide (10 mg.) 
and hydrogen until absorption was complete, 260 c.c. of hydrogen being absorbed at 13°/763 mm., 
corresponding to 1-0 triple bond. Removal of the catalyst and solvent gave methyl propyl ketone, 
which gave a 2: 4-dinitrophenylhydrazone, m. p. 141-5°, undepressed on admixture with an authentic 
specimen. 

2-Methyl-3 : 6-dihydroacetophenone (VII; R =H).—A mixture of pent-3-yn-2-one (8-8 g.) and 
butadiene (8-0 g.), after being heated in a stainless steel autoclave at 125—135° for 6 hours, gave on 
distillation, recovered ketone (6-8 g.) and 2-methyl-3 : 6-dihydroacetophenone (3-0 g.), b. p. 81—82°/8 mm., 
ni®* 1-5084 (Found: C, 79-4; H, 9-1. C,H,,0 requires C, 79-4; H, 8-9%). Light absorption: see 
Table. The 2 : 4-dinitrophenylhydrazone formed orange needles, m. p. 155°, from alcohol (Found: N, 
17-9. C,,H,,0,N, requires N, 17-7%). Light absorption (in chloroform): Maximum, 3690 4.; 
e = 22,000. The ketone (2-1 g.) was heated with chloranil (5-4 g.) in boiling xylene (17 c.c.) for 4 hours; 
the mixture was filtered, and, after removal of solvent under reduced pressure, distillation of the residue 
gave o-methylacetophenone (1-1 g.), b. p. 73°/6 mm., m}°° 1-5370 (Auwers, Annalen, 1915, 408, 242, gives 
b. p. 92—93°/17 mm., vn? 1-5320). The 2: 4-dinitrophenylhydrazone crystallised from alcohol in 
orange plates, m. p. 161° (Borsche and Wagner-Roemmich, Annalen, 1941, 546, 273, give m. p. 161°). 
Light absorption (in chloroform) : Maximum, 3660 4.; ¢ = 21,500. 

Condensation between 2-Methyl-3 : 6-dihydroacetophenone and cycloHexanone.—(a) Potassium (2-2 g.), 
in small pieces, was stirred under nitrogen in sodium-dry ether (100 c.c.), isopropyl alcohol (11 c.c.) was 
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added during 20 minutes, and after an hour’s stirring, 2-methyl-3 : 6-dihydroacetophenone (5 g.) and 
cyclohexanone (4-8 g.) were added in dry pyridine (20 c.c.). er 67 hours’ stirring, the pyridine was 
washed out with dilute sulphuric acid, the washed and dried ethereal solution was evaporated, and the 
residue was distilled to give cyclohexylidene-o-methylacetophenone (2-5 g.), b. p. 120—125°/10°? mm., 
n2" 1-5475. Light absorption: Maximum, 2430a.; e¢ = 10,000. The 2: 4-dinitrophenylhydrazone 
formed orange needles, m. p. 187°, from aqueous alcohol (Found: C, 64-3; H, 5-85. C,,H,,O,N, 
requires C, 63-95; H, 5-6%). 

(b) o-Methylacetophenone (3-75 g.) and cyclohexanone (2-9 g.) were added to a sodium ethoxide 
solution (15c.c.; 5%). After 72 hours, ether was added and the ethereal solution was washed and dried. 
Evaporation and distillation gave cyclohexylidene-o-methylacetophenone (0-8 g.), b. p. 120—125°/107 
mm., 7} 15442. The 2: 4-dinitrophenylhydrazone, crystallised as above, formed orange plates, m. p. 
187—188°, undepressed on admixture with the sample prepared above. 

4 : 5-Epoxy-1-acetyl-2-methylcyclohexene.—2-Methyl-3 : 6-dihydroacetophenone (5-4 g.) was kept in 
the dark for 66 hours with a solution of perbenzoic acid in chloroform (360 c.c. containing 1:12 x 10-¢ 
g.-atoms of active oxygen per c.c.). Washing with dilute sodium hydrogen carbonate solution, dryin 
and distillation, gave starting material (2-45 &) and 4: 5-epoxy-1l-acet Gay (1-35 g. 
b. p. 71—72°/10 mm., n?° 1-5030 (Found: C, , 71:0; H, 7-95%). 
Light absorption : see Table. 

2-n-Butyl-3 : 6-dihydroacetophenone.—A mixture of oct-3-yn-2-one (6 g.) and butadiene (2-7 g.), after 
being heated in a stainless steel autoclave at 120—130° for 9 hours, gave on distillation the original 
ketone (3 g.) and 2-n-butyl-3 : 6-dihydroacetophenone (3 g.), b. p. 53—53-5°/10-* mm., nf 1-4982 (Found : 
C, 80-5; H, 10-2. C,,H,,O requires C, 80-85; H, 10-2%). Light absorption: see Table. The semi- 
carbazone formed needles, m. p. 145—146°, from alcohol (Found: N, 17-7. C,,;H,,ON, requires N, 
17-°9%). Light absorption: Maxima, 2290 and 2410 a.; ¢ = 12,000 and 11,000 respectively. 

A solution of chromium trioxide (2-0 g.) in concentrated sulphuric acid (1-8 c.c.), made up to 10 c.c. 
with water, was added slowly to a cooled solution of the ketone (4-65 g.) in acetone (10c.c.). The mixture, 
after 30 minutes’ stirring, was diluted to 100 c.c., and the product was isolated with ether; distillation 
then gave o-n-butylacetophenone (3-45 g.), b. p. 63°/10-* mm., nj)" 1-5076. Light absorption : Maximum, 
2420 a.; ¢« = 7,500 (Found : C, 81-9; H,9-2. C,,H,,O requiresC, 81:8; H, 9-15%). The semicarbazone 
formed needles, m. p. 121°, from methyl alcohol (Found: N, 18-2. C,,;H,,ON,; requires N, 18-0%). 
Light absorption : Maximum, 2450 a.; ¢ = 12,000. The 2: 4-dinitrophenylhydrazone crystallised from 
ethanol in orange plates, m. p. 82° (Found: C, 60°6; H, 5-75; N,16-2. C,,H,,.O,N, requires C, 60-65; 
H, 5-65; N, 15-75%). Light absorption (in chloroform) : Maximum, 3680 4.; ¢ = 24,000. 

1-Acetylcyclohexene.—A solution of 2 : 5-dihydroacetophenone (5-0 g.) in methyl acetate (30 c.c.) was 
hydrogenated at 17°/769 mm., using a palladium-calcium carbonate catalyst (0-8 g.; 0-3% Pd), until 
983 c.c. of gas had been absorbed. Removal of catalyst and solvent, followed by fractionation of the 
residue, gave l-acetylcyclohexene (4-0 g.), b. p. 77—79°/14 mm., n?* 1-4883. Light absorption : 
Maximum, 2330 a.; ¢ = 11,000. (An authentic sample had b. p. 84—85°/18 mm., n}* 1-4919. Light 
absorption: Maximum, 2320a.; e¢ = 12,000.) The 2: 4-dinitrophenylhydrazone, large red needles 
from ethyl acetate, had m. p. 202°, undepressed on admixture with an authentic specimen (m. p. 202°). 

1-A cetyl-2-methylcyclohexene.—A solution of 2-methyl-3 : 6-dihydroacetophenone (1-76 g.) in methyl 
alcohol (20 c.c.) was shaken with palladium on calcium carbonate (0-2 g.; 3% Pd) in hydrogen until 
310 c.c. of gas had been absorbed at 18°/760 mm., corresponding to 1:0 |—. Removal of the catalyst and 
solvent gave l-acetyl-2-methylcyclohexene (1-33 g.), b. p. 889—91°/14 mm., 3)" 1-4842. Light absorption : 
Maximum, 2440a.; ¢ = 6000. (An authentic sample had b. p. 98°/25 mm., n?° 1-4854. Light 
absorption : Maximum, 2450 a.; ¢ = 6500. Inflexion, 2490 a.; ¢ = 6,000.) The 2 : 4-dinitrophenyl- 
hydrazone crystallised in bright red plates, m. p. 120°, raised to 124—-125° by chromatographic purification 
(Found: N, 17-75. C,;H,,0,N, requires N, 17-6%). Light absorption (in chloroform) : Maximum, 
3750 a.; © = 24,000. No depression in m. p. was observed on admixture with a sample (m. p. 125°) 
prepared from the authentic ketone. 

1-A cetyl-2-n-butylcyclohexene.—A solution of the dihydroacetophenone (4-55 g.) in methyl alcohol 
(20 c.c.) was shaken with a palladium-calcium carbonate catalyst (0-4 g.; 3% Pd) in hydrogen until 
610 c.c. of gas had been absorbed at 22°/764 mm. corresponding to 1:0 |. Removal of the catalyst and 
solvent gave 1-acetyl-2-n-butylcyclohexene (3-1 g.), b. p. 65—66°/10-? mm., n}}" 1-4756 (Found : C, 80-2; 
H, 11-3. C,,H,».O requires C, 79-95; H, 11-2%). Light absorption: see Table. The semicarbazone 
formed needles, m. p. 154°, from methyl alcohol (Found: N, 18-0. C,,H,,ON,; requires N, 17-7%). 
Light absorption : Maximum, 2260 a.; « = 12,000. The 2: a WV pga orm crystallised from 
ethanol in dark red plates, m. p. 116° (Found: N, 15-55. C,,H,,O,N, requires N, 15-55%). Light 
absorption (in chloroform) : Maximum, 3690 a.; ¢ = 25,500. 

2-Ethoxy-1 : 3-butadiene (V; R = OEt).—This was prepared by the method of Petrov (loc. cit.) with 
the following modifications : The iodine, instead of being added in 3 portions, was slowly added during 
4 hours, so as to keep the temperature at —10°; when dehydrohalogenating, the finely ground potassium 
hydroxide was added gradually, with water cooling, so as to keep the violent reaction under control; 
the reaction was finally completed by refluxing for 1 hour. In this way there was obtained, from 
butadiene (324 g.), mercuric oxide (518 g.), ethyl alcohol (368 8), and iodine (1016 g.), 2-ethoxy-1 : 3- 
butadiene (206-5 g.; 53% based on iodine), b. p. 94-5—95-5°, n}®° 1-4400 (Petrov, loc. cit., gives b. p. 
92-5—93-5°, ml§° 1-443; Dykstra, J. Amer. Chem. Soc., 1935, 57, 2255, gives b. p. 96-5°, n?0" 1-4401). 

4-Ethoxy-2 : 5-dihydroacetophenone (XII).—A mixture of 2-ethoxy-1 : 3-butadiene (9-8 g.), methyl 
ethynyl ketone (6-8 g.; Bowden, Heilbron, Jones, and Weedon, J., 1946, 39), and a trace of quinol was 
heated in a ‘‘ Pyrex ” glass tube at 130—140° for 4 hours. The dark red semi-solid product was distilled ; 
the fraction (13-5 g.), b. p. 86—93°/0-1 mm., on crystallisation from pentane gave 4-ethorxy-2 : 5-di- 
hydroacetophenone (9-0 g.) as long needles, m. p. 59° (Found: C, 72-05; H, 8-2. C,H,,O, requires C, 
72-25; H, 85%). eg absorption: see Table. The compound is rather unstable, and even at 0° in 
the absence of air and light soon turns to a brown gum. The residue from the mother liquors, after 
Temoval of solvent, had light absorption : Maxima, 2230 and 3360 a.; ¢ = 6000 and 5000 respectively. 


, 
’ 
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The solid ketone (3-5 g.) was heated with chloranil (7-8 g.) in boiling xylene (30 c.c.) for 4 hours; the 
mixture was filtered, and the solvent was removed under reduced pressure. Distillation of the residue 
= p-ethoxyacetophenone, b. p. 94—95°/0-1 mm., which partly solidified, and after crystallisation 

om pentane gave plates (1-75 g.), m. p. 36°. These on admixture with an authentic sample (b. p. 
90—91°/0-05 mm., m. p. 36°), made from phenetole and acetyl chloride, gave no depression in m. p. 
4-Ethoxy-2 : 3-dihydroacetophenone (XIV).—(a) 4-Ethoxy-2 : 5-dihydroacetophenone (1-7 g.) in dry 
ethanol (5 c.c.) was added to a solution of potassium hydroxide (0-34 g.) in dry ethanol (8 c.c.), and after 
15 minutes at room temperature the dark red solution was saturated with carbon dioxide. Water and 
ether were added, and the aqueous layer was thoroughly extracted with more ether; from the ether 
extract there was obtained by distillation 4-ethoxy-2 : 3-dihydroacetophenone (1-3 g.), b. p. 78°/0-03 mm., 
n?° 1-5490, as a light yellow mobile liquid (Found: C, 72-1; H, 8-4. C,)H,,O, requires C, 72-25; H, 
8-5%). Light absorption: see Table. The 2: 4-dinitrophenylhydvazone was precipitated as a purple 
powder, but attempted crystallisation from hot solvents resulted in extensive decomposition. However, 
by precipitation from a solution in cold chloroform by the addition of methanol, it was obtained as 
purple prisms, m. p. 193—194° (Found: N, 16-55. C,.H,,0,;N, requires N, 16-2%). 

When the reaction time was increased to 40 minutes, the light absorption of the product was: 
Maximum 3350 a.; ¢ = 9000, while after 15 hours the intensity had dropped toe = 8000. 

(b) A mixture of 2-ethoxy-1 : 3-butadiene (8-2 g.), methyl ethynyl ketone (5-7 g.), and a trace of 
quinol was heated in a small stainless steel autoclave at ca. 130° for 4 hours. Distillation of the residue 
gave a fraction (9-0 g.), b. p. 83—88°/0-1 mm., n?° 1-5485, which had light absorption: Maximum, 
3380 a.; ¢ = 12,500, and consequently consisted almost entirely of 4-ethoxy-2 : 3-dihydroacetophenone. 
The 2 : 4-dinitrophenylhydrazone, crystallised as described above, formed purple prisms, m. p. 192—193°, 
undepressed on admixture with the sample prepared before. When the liquid ketone was dehydrogenated 
with chloranil, as described above, there was obtained a 58% yield of p-ethoxyacetophenone, m. p. 35°; 
the 2 : 4-dinitrophenylhydrazone had m. p. 229°. Neither of these m. p.s was depressed on admixture 
with authentic samples (m. p.s 36—37° and 229° respectively). 

On repeating the Diels—Alder reaction in the metal autoclave several times, it was found that complete 
a did not always occur, and yields of up to 15% of the unrearranged solid ketone could be 
obtaimed. 

When the temperature at which this reaction was carried out in the metal autoclave was increased 
to 150°, there was obtained a 50% yield of a product, b. p. 83—86°/0-1 mm., which showed light 
absorption: Maxima, 2690, 33504.; e¢ = 4000 and 8500 respectively. That this again mainly 
consisted of the rearranged ketone was shown by the fact that it gave an unstable purple 2 : 4-dinitro- 
phenylhydrazone, m. p. (and mixed m. p.) 192—193°. However, refluxing the crude dinitrophenyl- 
hydrazone with ethyl acetate, concentrating the filtrate, and crystallising the residue from ethyl acetate, 
gave the 2 : 4-dinitrophenylhydrazone of p-ethoxyacetophenone, dark red prisms, m. p. 227°, undepressed 
on admixture with an authentic sample (m. p. 229—230°). This explains the first maximum in the light 
absorption of the ketone mixture above, as a sample of authentic p-ethoxyacetophenone had light 
absorption : Maxima, 2700, 2790 a.; ¢ = 18,000 and 17,000 respectively. 

p-Ethoxycyclohexylideneacetophenone.—(a) A solution of potassium isopropoxide (from 3-5 g. 
potassium and 20 c.c. isopropyl alcohol) in dry ether (200 c.c.) was made as described above. A mixture 
of 4-ethoxy-2 : 5-dihydroacetophenone (10-0 g.), cyclohexanone (6-2 g.), and pyridine (40 c.c.) was added 
slowly, and the mixture was then stirred under nitrogen for 64 hours. Working up and removal of 
starting materials by distillation gave a liquid, b. p. 140—190°/0-01 mm., which partly solidified, and 
crystallisation from ether—pentane gave p-ethoxycyclohexylideneacetophenone (1-25 g.) as plates, which 
after further crystallisation had m. p. 75° (Found: C, 78-6; H, 8-3. C,H.» O, requires C, 78-65; H, 
8-25%). Light absorption: Maximum, 2740a.; e¢ = 12,000. The 2: 4-dinitrophenylhydrazone 
c ised from ethyl acetate in scarlet prisms, m. p. 181° (Found: C, 61-95; H, 5-8; N, 13-0. 
C,,H,,0,N, requires C, 62-25; H, 5-7; N, 13-2%). 

(b) Ethanol (6 c.c.) in which sodium (0-32 g.) had been dissolved was added to a mixture of p-ethoxy- 
acetophenone (2:2 g.), cyclohexanone (1-32 g.), and ethanol (0-5 c.c.), with ice-cooling. The solution was 
kept at 20° for 48 hours, and was then worked up. Removal of starting material by distillation left a 
residue which partly solidified, and crystallisation from aqueous methanol gave p-ethoxycyclohexylidene- 
acetophenone (0-72 g.) which after further crystallisation had m. p. 75°. The 2: 4-dinitrophenyl- 
hydrazone had m. p. 180°, and neither this derivative nor the ketone showed any depression in m. p. on 
admixture with the samples prepared as in (a). 
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131. Researches on Acetylenic Compounds. Part XVII. The Preparation 
of Substituted 1-Acetylcyclohexenes from 4-Benzoyloxycyclohexanone. 


By E. R. H. Jones and F. SoNDHEIMER. 


A method for the preparation of large quantities of 4-benzoyloxycyclohexanone (III) has 
been devised. Condensation with sodium acetylide in liquid ammonia furnishes the corres- 
ponding ethynylcarbinol (IV), and the rearrangement of this carbinol-ester with formic acid 
gives 4-benzoyloxy-l-acetylcyclohexene (V), together with some of the hitherto unknown 
2 : 3-dihydroacetophenone I). Alcoholysis of the benzoate (IV) with methyl alcohol 
containing a little sodium methoxide yields the glycol (VIII) which can be converted into the 
hydroxy-derivative (IX). 

These compounds should be useful intermediates for the synthesis of compounds related to 
the D provitamins, but preliminary attempts to effect Michael reactions with cyclohexanone have 
not been promising. : 


In the preceding paper attempts to synthesise ketohydrophenanthrenes from 2: 5-dihydro- 
acetophenones, in order to obtain compounds related to provitamin D, were described. These 
2 : 5-dihydroacetophenones were found to dehydrogenate too readily under the conditions of 
the Michael reaction and, as an alternative, the possibility of employing acetylcyclohexenes 
having hydroxy] or ester substituents in the 4 or 5 positions (type V or XII) has been explored. 
This paper describes the synthesis of several such substituted acetylcyclohexenes. 

The key intermediate for syntheses of substances of the required type is 4-hydroxycyclo- 
hexanone (VII) or one of its esters; the esters can be prepared by oxidising a half-ester 
of cyclohexane-1 : 4-diol (quinitol) (I), but no satisfactory method, which might be used for the 
production of considerable quantities of these esters in a pure state, has been described (cf. 
Dimroth, Ber., 1939, 72, 2043; Aldersley, Burkhardt, Gillam, and Hindley, J., 1940, 10; 
Dimroth, Schmeil, and Daake, Ber., 1942, 75, 317). However, it was found recently in these 
laboratories (Owen and Robins, this vol., p. 320), that both the cis- and the trans-isomers of 
quinitol could be converted directly into the mono-benzoates (II) with benzoyl chloride in chloro- 
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form and pyridine by working in the cold in dilute solutions. It has now been found that the 
same procedure can be used on the mixture of quinitol isomers obtained by hydrogenating 
quinol, although the monobenzoate (II) thus produced is also a mixture of isomers and therefore 
cannot be obtained crystalline. Moreover the yield is not affected by working in quite concen- 
trated solutions. Oxidation of the monobenzoate mixture with chromium trioxide proceeds 
satisfactorily, so that large quantities of 4-benzoyloxycyclohexanone (III) can now be obtained 
in reasonable overall yield (ca. 50%) from quinitol by a two-stage process. 

The ketone (III) was condensed with sodium acetylide in liquid ammonia, and an 87% yield 
of the cis—trans-mixture of 4-benzoyloxy-1-ethynylcyclohexanol (IV) was obtained. When this 
was heated under reflux with 85% formic acid, 4-benzoyloxy-1-acetylcyclohexene (V), m. p. 69°, 
was obtained in 36% yield (cf., inter al., Fischer and Loewenberg, Annalen, 1929, 475, 183; 
Hurd and Christ, J. Amer. Chem. Soc., 1937, 59, 118; Marvel and Walton, J. Org. Chem., 1942, 
7, 88); the structure of the ketone was confirmed by its light-absorption properties. Some 
benzoic acid fission occurred under the conditions of the experiment, as 2 : 3-dihydroaceto- 
phenone (VI) (25% yield) could also be isolated. The structure of this compound was also 
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confirmed by its light-absorption data which are nearly identical with those of the structurally 
analogous dihydro-o-tolualdehyde. 

Preliminary experiments with (V) showed that benzoic acid was split off very easily under 
the conditions employed in Michael condensations. It was desirable therefore to prepare the 
corresponding acetate which would be expected to be more stable. When the keto-benzoate 
(III) was hydrolysed by 15 hours’ refluxing with methanol containing a little sodium methoxide, 
a 70% yield of 4-hydroxycyclohexanone (VII) (Dimroth, Joc. cit.; Aldersley, Burkhardt, Gillam, 
and Hindley, Joc. cit.) was obtained. Condensation with sodium acetylide in liquid ammonia 
gave the cis—trans-mixture of l-ethynylquinitol (VIII), m. p. 100—105°, in 50% yield. The same 
compound could also be obtained (72% yield) by saponifying 4-benzoyloxy-1-ethynylcyclohexanol 
(IV) by means of sodium in methanol. When the glycol was refluxed with 85% formic acid, the 
normal rearrangement occurred, and 4-hydroxy-1-acetylcyclohexene (IX) was obtained in ca. 60% 
yield. Some dehydration also occurred, and 2 : 3-dihydroacetophenone (VI) could be isolated. 
The structure of (IX) was confirmed by its light-absorption properties and by benzoylation to (V). 
The best overall yield of (IX) is obtained by carrying out the acetylene condensation on the 
keto-benzoate, saponifying (IV), and then carrying out the formic acid rearrangement on the 
ethynyl-glycol. On acetylation it gave the required 4-acetoxy-1-acetylcyclohexene. 

Attempts have also been made to obtain substituted acetylcyclohexenes of type (XII), 
containing both a methyl group and an ester group in the desired positions. A Michael 
condensation with cyclic ketones, followed by reduction and dehydration, should then give 
compounds closely analogous to provitamin D. 


CH, CH, 


CH 
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When (1II) was condensed with methylmagnesium iodide, the 4-benzoyloxy-1l-methyl- 
cyclohexanol (X; R = Bz) so formed was always contaminated with starting ketone, even when 
a 40% excess of Grignard reagent was used. Some phenyldimethylcarbinol was also obtained, 
indicating that reaction with the ester grouping had taken place to some extent. Treatment 
of the mixture of (III) and (X; R = Bz) with potassium hydrogen sulphate gave pure 4-benzoyl- 
oxy-1-methylcyclohexene (XI; R = Bz) in 42% yield [based on (III)]. Hydrolysis produced 
1-methylcyclohex-l-en-4-ol (XI; R =H), and this yielded the acetate (XI; R= Ac). When 
either the acetate or the benzoate was treated with acetyl chloride and stannic chloride in carbon 
disulphide (Ruzicka, Koolhaas, and Wind, Helv. Chim. Acta, 1931, 14, 1151) a complex mixture 
was obtained, from which pure compounds could only be separated with much difficulty in 
rather poor yields. Some success resulted from the employment of the Girard reagent, and the 
semicarbazone of the desired ketone (XII; R = Bz) could be isolated ; the experiments, however, 
have not been completed for the reason indicated below. 

At the same time as the above work was being carried out it appeared desirable, in view of 
the unpromising results we have obtained in certain Michael condensations, to investigate the 
condensation between l-acetyl-2-methylcyclohexene and «-tetralone (cf. Huber, Ber., 1938, 71, 
725); a-tetralone was preferred to cyclohexanone because of the superior results obtained in its 
condensation with acetylcyclohexene (Robinson e al., J., 1935, 1285; 1936, 759). When 
crude l-acetyl-2-methylcyclohexene was condensed with «-tetralone in the presence of potassium 
isopropoxide in pyridine (Huber, Joc. cit.), a 27% yield of high-boiling material was obtained 
which on chromatographic purification yielded only a very small amount of crystalline product. 
When the condensation was carried out with pure 1l-acetyl-2-methylcyclohexene (forthcoming 
publication) the high-boiling liquid yielded a negligible quantity of crystalline material. 


EXPERIMENTAL. 
(Absorption spectra were determined in alcoholic solutions unless otherwise stated.) 


Quinitol Monobenzoate (II).—Quinitol (810 g.; cis—trans-mixture) was dissolved in chloroform 
(2-5 1.; freed from alcohol by shaking with sulphuric acid) and dry pyridine (1-9 1.). A solution of 
benzoyl chloride (960 g.) in chloroform (2-0 1.) was added, with stirring, during 5 hours, the temperature 
being kept at 0—5° by external cooling. After standing overnight at room temperature, the chloroform 
solution was freed from pyridine by thorough extraction with water and then with dilute sulphuric acid. 
Drying (Na,SO,) and removal of solvent, followed by fractionation of the residue, gave the cis—trans- 
mixture of quinitol monobenzoate (901 g.; 59%) as a colourless very viscous oil, b. p. 175—178°/0-2 mm. ; 
the residue (ca. 250 g.) had m. p. 138—143° and consisted mainly of the isomeric dibenzoates. 

4-Benzoyloxycyclohexanone (III).—Chromipm trioxide (130 g.), dissolved in water (75 c.c.) and 
“* AnalaR ”’ acetic acid (300 c.c.), was added to a stirred and cooled solution of quinitol benzoate (295 g.) 
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in acetic acid (500 c.c.), the temperature being kept below 35°. The reaction was completed by leaving 
the solution overnight at room temperature; ether (2 1.) was added, and most of the acetic acid was 
removed by repeated washings with water. After the solution had been washed with sodium hydroxide 
solution and water, and then dried, the ether was removed; the residue completely solidified. One 
crystallisation from ether-light petroleum (b. p. 40—60°) gave the keto-ester (244 g.; 83%) as plates, 
m. p. 63° (Dimroth, Schmeil, and Daake, loc. cit., give m. p. 63—64°; Owen and Robins, /oc. cit., give 
m. p. 62°). 
> Ee (IV).—To a solution of sodium acetylide in liquid ammonia 
1200 c.c.), prepared from sodium (35 g.), the ferric nitrate catalyst of Vaughn, Vogt, and Nieuwland 
. Amer. Chem. Soc., 1934, 56, 2120) being used to catalyse the formation of sodamide, 4-benzoyloxycyclo- 
hexanone (70 g.) in dry ether (400 c.c.) was added during 1 hour with stirring and cooling (alcohol-carbon 
dioxide). Nitrogen was introduced during the addition and during the subsequent 7 hours’ stirring, after 
which ammonium chloride (100 g.) was slowly added, and the mixture was left overnight without cooling 
toexpelammonia. Ether and water were added, and a small amount of black tar was filtered off. After 
being washed with dilute acid and water, the ethereal layer was dried, the solvent removed, and the 
residue fractionated. This gave the cis—trvans-mixture of 4-benzoyloxy-l-ethynylcyclohexanol (68-2 g.; 
87%) asa light yellow very viscous liquid, b. p. 170—172°/0-05 mm. (Found : C, 73-45; H,6-6. C,,H,,O, 
requires C, 73-75; H, 6-6%). 

4-Benzoyloxy-1-acetylcyclohexene (V).—The above ethynylcarbinol (5-5 g.) was refluxed with formic 
acid (55c.c.; d1-2)for3 hours. The bulk of the acid was removed through a short column under reduced 
pressure, the residue was taken up in ether, and the remaining acid was removed by shaking with 
sodium hydrogen carbonate solution. Removal of solvent and fractionation of the residue gave two 
fractions: (a) 2 : 3-Dihydroacetophenone (0-7 g.; 25%), b. p. 92—93°/23 mm., n#* 1-5285, n¥?" 1-5221, a 
faintly yellow mobile et liquid, which on exposure to air quickly became darker (Found : 
C, 78:7; H, 83. C,H,,O requires C, 78-65; H, 8-25%). Light absorption: Maximum, 3020 a.; 
e = 7000. (A specimen of 2-methyl-2 : 3-dihydrobenzaldehyde had light absorption: Maximum, 
3030 a.; ¢= 8000.) The 2:4-dinitrophenylhydrazone separated from acetic acid in very dark red 
needles, m. p. 194° (Found: N, 18-4. C,,H,,0O,N, requires N, 18-55%). Light absorption (in 
chloroform) : Maximum, 3970 a.; ¢ = 25,500. (6) 3-2 G., b. p. 138—145°/10-° mm., obtained solid by 
the following method. The semicarbazone (obtained in 73% yield from the fraction having this boiling 
point, from a previous experiment) separated from much ethanol in small needles, m. p. 202—203 
(decomp.) (Found: N, 14-4. C,,H,,O,N, requires N, 13-95%). The ketone was regenerated by 
stirring the semicarbazone with dilute sulphuric acid and light petroleum (b. p. 60—80°) for 6 hours under 
reflux. Isolation left a residue, which gradually solidified, and, on seeding the fraction above (i.e., 3-2 g.) 
with this material, it also slowly solidified. Crystallisation from ether-light petroleum (b. p. 40—60°) 
gave 4-benzoyloxy-1-acetylcyclohexene (2-0 g.; 36%) as plates, m. p. 65°, which on further crystallisation 
was raised to 69° (Found: C, 73-8; H, 6-7. C,,H,,0, requires C, 73-75; H,6-6%). Light absorption : 
Maximum, 2290 a.; ¢ = 14,500. The 2: 4-dinitrophenylhydrazone crystallised from ethyl acetate in red . 
prisms, m. p. 211° (Found: C, 59-25; H, 4-6; N, 12-85. C,,H.».O,N, requiresC, 59-4; H, 4-75; N, 13-2%). 

4-Hydroxycyclohexanone (VII).—4-Benzoyloxycyclohexanone (40 8) was refluxed with dry methanol 
(160 c.c.) containing sodium (0-4 g.) for 15 hours. After the addition of a little water, the cooled solution 
was saturated with carbon dioxide, and the methanol was taken off under reduced pressure. As the 
complete separation of methyl benzoate and the keto-alcohol by fractional distillation is difficult, water 
was added to the residue, and the ester was removed by ether extraction. The aqueous layer, after 
removal of water and distillation of the residue, gave 4-hydroxycyclohexanone (14-6 g.; 70%), b. p. 
97—98°/0-5 mm., n}~" 1-4834 (Dimroth, Ber., 1939, 72, 2043, gives b. p. 128—131°/12-5 mm.; Aldersley, 
Burkhardt, Gillam, and Hindley, J., 1940, 10, give b. p. 83—85°/0-6 mm.). The keto-alcohol is much 
more soluble in water than in ether, and continuous ether extraction of the aqueous solution for 24 hours 
removed only ca. 20%. The 2: 4-dinitrophenylhydrazone crystallised from aqueous methanol in 
orange needles, m. p. 150° (Dimroth, Joc. cit., gives m. p. 151°). 

1-Ethynylquinitol (1-Ethynylcyclohexane-1 : 4-diol) (VIII).—(a) 4-Hydroxycyclohexanone (13 g.) in 
dry ether (80 c.c.) was added to a solution of sodium acetylide, prepared from sodium (20 g.) in liquid 
ammonia (700 c.c.) during 15 minutes. The cooled mixture was stirred in nitrogen for 22 hours; 
ammonium chloride (100 g.) was then gradually added, and stirring was continued for a further hour. 
The semi-solid residue remaining after the ammonia had been expelled was thoroughly extracted with 
ether, and the inorganic salts were filtered off. The solvent was removed from the dried filtrate, and 
distillation of the residue gave the cis—trans-mixture of l-ethynylquinitol (7-8 g.; 49%) as a very viscous 
liquid, b. p. 107—-108°/10™? mm. After several days at room temperature it completely solidified, and 
crystallisation of a small portion from ether gave small needles, m. p. 100—105° (Found: C, 68-1; H, 
8-75. C,H,,O, requires C, 68-55; H, 8-65%). 

(b) 4-Benzoyloxy-1l-ethynylcyclohexanol (5-2 g.) was refluxed with dry methanol (25 c.c.) containing 
sodium (0-06 g.) for 7 hours. A little water was added to the cooled solution, which was then saturated 
with carbon dioxide. Removal of solvent under reduced pressure, followed by fractionation of the 
residue, gave l-ethynylquinitol (2-15 g.; 72%), b. p. 152—154°/22 mm., which when seeded went 
completely solid, and after crystallisation from ether had m. p. 95—100°. In one experiment, in which 
the time of refluxing was increased to 22 hours, some decomposition occurred, and a low yield of a solid, 
m. p. 146°, was obtained. This did not depress the m. p. of the product above and may be a pure isomer. 

4-Hydroxy-1-acetylcyclohexene (IX).—1-Ethynylquinitol (7-9 g.) was refluxed with formic acid 
(79 c.c.; d@ 1-2) for 24 hours. The acid was distilled off through a short column at reduced pressure, and 
the residue was refluxed with water (80 c.c.) for 30 minutes to hydrolyse any formate present. The 
water was distilled off at reduced pressure, and fractionation of the residue gave 4-hydroxy-1-acetyl- 
cyclohexene (4-9 g.; 62%) as a somewhat viscous pleasant-smelling liquid, b. BE: 134—136°/2 mm., 
106—107°/0-02 mm., n#* 1-5088 (Found: C, 68-05; H, 8-75. C,H,,0, requires C, 68-55; H, 8-65%). 


Light absorption: Maximum, 2290 a.; ¢ = 8500. The 2: 4-dinitrophenylhydrazone crystallised from 


ethyl acetate in dark red plates, m. p. 226—227° (Found: N, 17-2. Cy, 


1O5N, requires N, 17-56%). 
BR 
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The aqueous distillate was extracted with ether; the extract was dried, and the solvent evaporated, to 
give 2 : 3-dihydroacetophenone (1-2 g.), b. p. 94°/25 mm., n#" 15223. The 2 : 4-dinitrophenylhydrazone 
had m. p. 192°, undepressed on admixture with the sample obtained above. 
Benzoylation of 4-Hydroxy-1-acetylcyclohexene.—The hydroxy-ketone (1-2 g.) and benzoyl chloride 
1-8 g.) were dissolved in pyridine (7-5 g.), and the solution was kept at room temperature overnight. 
orking up yielded an oil which partly solidified on being seeded. Crystallisation from ether-—light 
petroleum (b. p. 40—60°) gave 4-benzoyloxy-l-acetylcyclohexene (0-84 g.; 40% yield), m. p. 66—67°, 
undepressed on admixture with the specimen prepared above. The mother liquors were treated with 
alcoholic 2 : 4-dinitrophenylhydrazine sulphate solution to give the 2 : 4-dinitrophenylhydrazone of the 
ketone (1-31 g.; 36%), m. p. 210—211°, undepressed on admixture with the aythentic specimen. 
4-Acetoxy-1-acetylcyclohexene.—4-Hydroxy-l-acetylcyclohexene (4-4 g.) was dissolved in pyridine 
20 c.c.), and a solution of acetyl chloride (3-5 g.) in pyridine (40 c.c.) was slowly added with ice-cooling. 
e mixture was heated on the steam-bath for some minutes and was then kept at room temperature 
overnight. Working up, followed by distillation of the residue, gave 4-acetoxy-1l-acetylcyclohexene 
(4:8 g.), b. p. 136—136°/3 mm., nf" 1-4792 (Found: C, 66-15; H, 7-7. C,9H,,O; requires C, 65-9; H; 
17-75%). Light absorption: Maximum, 2280 a.; ¢ = 10,000. The compound is a mobile liquid with 
a pungent odour, and is appreciably soluble in water. The 2: 4-dinitrophenylhydrazone crystallised 
from alcohol in red plates, m. p. 161—162° (Found: N, 15-6. C,,H,,0,N, requires N, 15-45%). 
4-Benzoyloxy-1-methylcyclohexene (XI; R = Bz).—A solution of methylmagnesium iodide (from 
magnesium, 9-45 g.; 40% excess) in ether (600 c.c.) was cooled in ice, and a solution of 4-benzoyloxy- 
cyclohexanone (60 g.) in ether (600 c.c.) was gradually added during 1 hour. The fine white suspension 
was stirred in nitrogen for another 16 hours, after which it was decomposed with dilute sulphuric acid. 
Isolation by means of ether, followed by distillation, gave a small fore-run (7 g.) of crude phenyldimethyl- 
carbinol, and then crude 4-benzoyloxy-l-methylcycilohexanol (47-1 g.) as a viscous liquid, b. p. 158— 
161°/10-? mm., n}%° 1-5297. By means of 2: 4-dinitrophenylhydrazine reagent it was found to be 
contaminated with considerable amounts of starting ketone, but no attempt at purification was made at 
this stage. The hydroxy-ester (43 g.), well mixed with finely ground potassium hydrogen sulphate 
(20 g.), was heated at 130°/0-1 mm. for 15 minutes; dehydration was then complete. The temperature 
was then raised, and the product which distilled (b. p. 130—170°/0-1 mm.) was dissolved in ether and 
freed from the small amount of benzoic acid which it contained by shaking with sodium hydrogen 
carbonate solution. After being dried and evaporated, the product was fractionated to give 4-benzoyloxy- 
1-methylcyclohexene (22-4 g.) as a mobile liquid, b. p. 108—109°/0-02 mm., 141—143°/4 mm., n3f" 1-5258, 
n?®” 1-5300, quite free from ketone (Found: C, 77-35; H, 7-5. C,,H,,O,requiresC, 77-75; H, 7-45%). The 
higher-boiling fractions partly solidified, and unchanged 4-benzoyloxycyclohexanone could be recovered. 
1-Methylcyclohex-1-en-4-ol (XI; R = H).—4-Benzoyloxy-l-methylcyclohexene (11 g.) was refluxed 
with dry methanol (50 c.c.) containing sodium (0-15 g.) for 7 hours. A methanolic solution of potassium 
hydroxide (75 c.c.; 15%) was added, and the solution was kept at room temperature for 40 hours. 
After addition of water, the product was isolated with ether to give 1-methylcyclohex-1-en-4-ol (4-6 g.) as 
a colourless, mobile liquid, b. p. 89°/26 mm., n??* 1-4803 (Found : C, 74-65; H, 11-15. C,H,,O requires 
C, 74:95; H, 108%). The 3: 5-dinitrobenzoate crystallised from light petroleum (b. p. 60—80°) in 
felted needles, m. p. 107° (Found: N, 9-55. C,,H,,0,N, requires N, 9-15%). 
4-Acetoxy-1-methylcyclohexene (XI; R = Ac).—The carbinol (4 g.), acetic anhydride (8 g.), and 
pyridine (30 c.c.) were kept at room temperature for 16 hours. Water was added, and the suspension 
was well shaken to decompose excess of acetic anhydride; the organic material was extracted with ether, 
from which pyridine was removed by shaking with dilute sulphuric acid. Drying, evaporation of solvent, 
and distillation of the residue gave 4-acetoxy-l1-methylcyclohexene (4-85 g.) as a mobile sweet-smelling 
liquid, b. p. 90°/23 mm., n}#° 1-4548 (Found: C, 69-9; H, 8-85. C,H,,O, requires C, 70-1; H, 9-15%). 
Semicarbazone of 5-Benzoyloxy-1-acetyl-2-methylcyclohexene (XI1; R = Bz).—Stannic chloride 
(12-0 g.) and carbon disulphide (29 g.) were cooled to —15°, and a mixture of 4-benzoyloxy-1-methyl- 
cyclohexene (10-25 g.) and acetyl chloride (3-8 g.) was added to the stirred and cooled solution. The 
mixture was stirred for another hour at room temperature, and was then left overnight. The dark red 
complex which had separated was decomposed with water, and the organic material was extracted with 
chloroform. The chloroform layer after being washed repeatedly with dilute hydrochloric acid, was 
dried and evaporated. The brown residue was distilled; the required product was contained in the 
fraction (6-7 g.), b. p. 160—200° (bath temp.)/10“ mm. The lower-boiling fraction partly solidified ; 
pressing on a porous tile, followed by crystallisation from methanol, gave 1-chloro-4-benzoyloxy-1-methyl- 
cyclohexane (0-55 g.) as needles, m. p. 85° (Found: C, 66-6; H, 6-4. C,,H,,0,Ci requires C, 66-55; 
H, 6-75%). No pure product could be obtained from the higher-boiling fraction by fractional distillation, 
nor could a solid derivative be prepared. This fraction was heated under reflux with glacial acetic acid 
(6-2 g.) and Girard reagent T (6-0 g.) in ethanol (70 c.c.) for 1 hour. The ketonic fraction, after isolation, 
was distilled to give a product (3-1 g.) which seemed homogeneous, as all the fractions had constant 
b. p. 174°/0-02 mm., nf§° 1-539. However, analysis clearly showed it to be a mixture of 2-chloro-5- 
benzoyloxy-1l-acetyl-2-methylcyclohexane and 5-benzoyloxy-l-acetyl-2-methylcyclohexene (Found: C, 
70-75; H, 6-8; Cl, 5-15. 42% of C,,H,,0,;Cl + 58% of C,,H,,0, requires C, 70-55; H, 6-8; Cl, 5-05%). 
With semicarbazide acetate, the semicarbazone of the keto-ester was precipitated as an oil which ~~ 
solidified. Crystallisation from methanol gave plates, m. p. 194—195° (Found: C, 64-2; H, 6-7; N, 
13-5. C,,H,,0O;N; requires C, 64-7; H, 6-7; N, 13-35%). 
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132. Researches on Acetylenic Compounds. Part XVIII. The Addition 
of Thiolacetic Acid to Acetylenic Hydrocarbons. The Conversion of 
Monosubstituted Acetylenes into Aldehydes and 1 : 2-Dithiols. 


By H. Baper, L. C. Cross, Str IAN HEILBRON, and E. R. H. Jonzs. 


Hitherto, methyl ketones or their derivatives have invariably resulted from hydration 
reactions with monosubstituted acetylenes. A method of converting such acetylenes into 
aldehydes has now been discovered. 

When thiolacetic acid reacts with monosubstituted acetylenes, either alone or under the 
influence of organic peroxides or irradiation with ultra-violet light, mono- and di-adducts are 
produced by “ abnormal” addition reactions. The mono-adducts, on treatment with the 
usual carbonyl reagents, are converted into derivatives of the corresponding aldehydes, while, 
under rather more acidic conditions, the di-adducts yield 1 : 2-dithiols. 

Light-absorption data for the C—C-S-CO-CH, chromophore are recorded for the first time; 
they w further light on the chromolatory properties of the sulphur atom. 


ALTHOUGH the hydration of monosubstituted acetylenes has been effected in a variety of ways, 
particularly by employing sulphuric acid with mercuric sulphate as catalyst, addition of water 
has always been found to occur in the “‘ normal ” manner, i.e., according to Markownikoff’s rule, 
leading to the formation of methyl ketones and not aldehydes : 


H,O 
R-—C=CH -——~> R-—CO—CH, 


Other addenda, such as alcohols and carboxylic acids, add on readily under the influence of the 
mercuric oxide—boron trifluoride catalyst of Hennion and Nieuwland (for summary see Spring, 
Ann. Reports, 1942, 39, 131) with production of derivatives of methyl ketones. Only in the case 
of hydrogen bromide has “ abnormal” addition been observed (for summary see Mayo and 
Walling, Chem. Reviews, 1940, 27, 351) : 


HBr 
R—C=CH ——— R—CH=—CHBr 
peroxides 


but the 1-bromoalkenes so produced cannot readily be converted into aldehydes. 

The value of acetylenic compounds in organic synthesis would clearly be enormously enhanced 
if methods of converting monosubstituted acetylenes into aldehydes or aldehydic derivatives 
could be found. With this object we have been studying addition reactions with thiols of 
various types, since, from what is known of the behaviour of olefins with such addenda, there 
was every prospect that “abnormal” reactions could be induced under the influence of 
peroxides or irradiation. (The literature on the addition of thiols to olefins has been reviewed 
recently by Cunneen, J., 1947, 36, 134.) The only mention of the reaction of substituted 
acetylenes with thiols is by Kohler and Potter (J. Amer. Chem. Soc., 1935, 57, 1316) who added 
thio-p-cresol to phenylacetylene and described, without comment, the cis- and trans-forms of 
the ‘‘ abnormal ” adduct. 

In trial experiments with hex-l-yne and a variety of thiols we obtained the most promising 
results with thiolacetic acid. The reaction between this substance and olefins has been shown 
to proceed “‘ abnormally ” (Holmberg, Arkiv Kemi, Min. Geol., 1938, 12, B, No. 47; Holmberg 
and Schjonberg, ibid., 1940, 14, A, No. 7; Ipatieff and Friedmann, J. Amer. Chem. Soc., 1939, 
61, 71), and, while our work was in progress, Cunneen (loc. cit.) reported a detailed study of 
additions of this type. He observed that the activity of thiols in addition reactions with 
olefins follows the order of their acidities, i.¢e., thiolacetic acid reacts more readily than 
thiophenols and thiols, and he also investigated the catalytic influence of irradiation and of 
peroxides such as ascaridole. 

Thiolacetic acid readily undergoes addition reactions with monosubstituted acetylenic 
hydrocarbons; mono- and di-adducts have been isolated, usually in reasonable yields. In some 
cases the yields can be increased by ultra-violet irradiation or by addition of peroxides such as 
ascaridole or benzoyl peroxide. It has been found possible to convert the mono-adducts into 
derivatives of the corresponding aldehydes; the di-adducts lead to 1 : 2-dithiols. 

A vigorous reaction occurs when thiolacetic acid is added to an equimolecular amount of 
hex-l-yne, and by fractional distillation of the mixture, a mono- and a di-adduct can be isolated. 
The latter can be prepared by heating the mono-adduct with thiolacetic acid. By employing 
ascaridole as a catalyst, slight improvements in yields are observed, but the advantage of this 
procedure lies mainly in the improved reproducibility of the experiments. 
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Various methods have been employed in attempts to prove the structure of the mono-adduct. 
Ozonolysis was unsatisfactory, as it led to complex oxidation products, and the thiolacetate was 
found to be stable towards alkalis and dilute acids. However, a method originally used by Sen 
(J. Indian Chem. Soc., 1936, 18, 268) to investigate cyclohexenyl thiolacetate was found to be 
eminently suited to our purpose. Sen treated his thiolacetate with phenylhydrazine, and 
obtained the phenylhydrazone of cyclohexanone together with acetylphenylhydrazine, hydrogen 
sulphide being evolved. When the mono-adduct from hex-l-yne was heated with 2 : 4-dinitro- 
phenylhydrazine sulphate in alcoholic solution, hydrogen sulphide was evolved and the 
2 : 4-dinitrophenylhydrazone of hexoic aldehyde was formed. This is clear evidence that the 
mono-adduct must be hex-l-enyl thiolacetate (I), as the only conceivable alternative structure 
would be expected to lead to the derivative of methyl butyl ketone. When semicarbazide 
acetate was used for the hydrolysis, the semicarbazone of hexoic aldehyde (III) was isolated 
in almost 60% yield, together with acetylsemicarbazide (II). 


C,H,‘CH:CH‘S-CO-CH, + NH,‘NH-CO‘NH, —> [C,H,-CH:CH-SH] + CH,-CO-NH:NH-CO-NH, 
(I.) (II.) 
[C,H,-CH,-CHS] + NH,NH-CO‘NH, —> C,H,-CH,-CH:N-NH-CO-NH, + H,S 
(III.) 


When the di-adduct was treated with the usual carbonyl reagents no appreciable evolution 
of hydrogen sulphide was observed, and no crystalline derivatives, such as would be expected 
from a di-adduct of the thioacetal type (IV), were formed. After treatment with semicarbazide 


(IV.) C,H,°CH,-CH(SAc), C,H,CH(SAc)‘CH,SAc (V.) 


acetate the residue obtained on evaporation was hydrolysed under reflux with 2n-hydrochloric 
acid in the presence of petroleum, giving a 40% yield of hexane-1 : 2-dithiol, exhibiting the 
characteristic dithiol colour reaction with ferric chloride and condensing readily with acetone. 
The formulation of the di-adduct as hexane-1 : 2-dithiol diacetate (V) is in accord with the 
experience of Young, Vogt, and Nieuwland (J. Amer. Chem. Soc., 1936, 58, 1806) who obtained 
l-bromohexene and 1: 2-dibromohexane by the peroxide-catalysed addition of hydrogen 
bromide to hex-l-yne. _ It was found later that the diacetate (V) could be hydrolysed most 
conveniently by heating it with semicarbazide hydrochloride in aqueous alcohol, an 82% yield 
of the dithiol being obtained. This procedure compares favourably with those hitherto 
employed (cf. Owen et al., J., 1949, 244, 248) for the hydrolysis of esters of 1 : 2-dithiols. 

Hexeny] thiolacetate (I) and other compounds of the same type have been found to exhibit 
maximal light absorption in the region of 2540 a. (« = 8500); this must be regarded as being 
typical of the chromophore, C—C—-S—-C—=O. The di-adduct (V) absorption spectrum (max. 
2310 a.) is similar to those previously observed for other unconjugated thiolacetates (Sjéberg, 
Z. physikal. Chem., 1942, B, 52, 909; Cunneen, /oc. cit.). 

The effect of peroxide catalysis or ultra-violet irradiation was most marked in the addition 
of thiolacetic acid to phenylacetylene, styryl 2-thiolacetate (VI) being obtained in 60—70% 


(VI.) Ph-CH:CH‘S‘CO-CH, —»> Ph-CH,CHO (VII) 


yield by using these devices but only in 25% yield in an uncatalysed reaction. However, with 
p-methoxyphenylacetylene a 70% yield of p-methoxystyryl 2-thiolacetate was obtained without 
the use of added catalysts. In neither of these cases could any di-adducts be isolated. Both 
(VI) and the corresponding p-methoxy-compound were converted by treatment with carbonyl 
reagents into derivatives of phenylacetaldehyde (VII). 

An addition reaction employing the diacetylenic hydrocarbon, octa-1:7-diyne (VIII), 
led to the isolation of three products. The formulation of these three substances 


(VIII.) HC:C-[(CH,],-C:CH HCiC-[CH,],-CH:CH‘SAc (IX.) 
(X.) HCiC-(CH,],-CH(SAc)-CH,-SAc AcS-CH:CH-[CH,],-CH(SAc)*CH,SAc (XI.) 


as the mono-, di-, and tri-adducts (IX), (X), and (XI) respectively, was facilitated by 
the determination of their absorption spectra and comparison with the data already obtained 
for the hexyne adducts. The mono-adduct exhibited absorption corresponding to that of 
hexeny] thiolacetate (I), the maximum in the case of the di-adduct at 2330 a. corresponded to 
that of (V), and the tri-adduct furnished a curve of the type expected to result from the 
superposition of the curves of (IX) and (X) (see Table I). No appreciable alteration in the 
proportions of these three products was produced by employing ascaridole as catalyst, and no 
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indications of the presence of any of the symmetrical di-adduct, from which it was hoped to 
obtain derivatives of the dialdehyde, octane-1 : 8-dial, were forthcoming. 
Methyl propargy] ether gave rise to addition products to which the structures (XII) and (XIII) 


(XII.) MeO-CH,-CH:CH-SAc MeO-CH,-CH(SAc)CH,SAc (XIII) 


are assigned. The yields, particularly of (XII), were not satisfactory, peroxides and irradiation 
only serving to increase the yield of the di-adduct. 





TaBLeE I. 
Amax., A+ €max.- Amex. A. Emax. 
C,H,-CH=CH’S-CO-CH, 2540 8,500 C,H,-CH(SAc)-CH,°SAc 2310 9,500 
HC=C-[CH,],-CH=CH‘S:CO-CH, 2530 8,500 HC=C-[CH,],-CH(SAc)-CH,-SAc 2330 10,500 
MeO-CH,-CH=CH‘S-CO-CH, 2510 7,000 MeO-CH,°CH(SAc)-CH,*SAc 2300 7,500 
cf. C,H,,"SAc* 2300 4,000 
C,H,-CH=CH‘S-CO’CH, 2220 9,000 
2810 16,500 AcS-CH=CH-(CH,)],-CH(SAc)-CH,’SAc 2355 13,500 
2910 17,000 2470* 9,500 
2990* 13,500 2560* 8,500 
p-MeO-C,H,-CH=CH':S:CO-CH, 2220 11,000 
a 2800* 16,000 
2900 23,500 
* Inflexion. 1 Cunneen, Joc. cit. 
TABLE II. 
Amaz. (approx.), A. 
X=0. X=S. X=CH=CH. 
IED intinnosdccshassinsasegummeenenepaanen 2050 2300 2300 
ED ha ccvavvnncrsacesdccacseccnses —_— 2500 2600 
R-CH=CH-CH=CH’X°COMe ? ......... 2. cece eee — 2700 3050 
UD | occcneccccccncccceccvsscescoes 2900 3200 
2350 2550 


CU) ssbnaeridpitnaesnadantniekneimubesenuianninenteeens 2100 


1 Compound where X = S to be described in forthcoming publication. 


Unfortunately it has not been found possible to obtain simple adducts from reactions between 
thiolacetic acid and conjugated vinylacetylenes. As was observed by Cunneen (loc. cit.) 
thiolacetic acid adds very readily to olefins, and in the cases which we have examined vinyl- 
acetylenes gave complex mixtures which could not be resolved. Consequently this route to 
unsaturated aldehydes, i.e., addition of thiolacetic acid to vinylacetylenes followed by 


H,C=CH—C=CH — > H,C—CH—CH=—CH’SAc — > CH,;—CH=CH—CHO 


hydrolysis, has been abandoned, and we have turned our attention to the addition reaction with 
ethynylcarbinols as an alternative method. The results of this work will be published later. 


Me,C(OH)—C=CH —> Me,C(OH)“CH=CH:SAc —> Me,C=CH—CHO 


The light-absorption data of the various addition compounds described in this paper are 
given in Table I. The data for the substances containing the CH—CH—S—CO—CH, 
chromophore are closely similar, both in location and in intensity of the maxima. A similar 
uniformity is seen in the data for the dithiol diacetates, the intensities being approximately 
twice that of a typical monothiolacetate. 

The sulphur atom in the chromophore, CH—CH—S—CO—CH,, thus exerts a powerful 
chromolatory effect, and a comparison of the new data with those already available (Table II) 
indicates that in these respects the sulphur atom produces effects intermediate between those of 
oxygen and the ethylenic bond (cf. Bowden, Braude, and Jones, J., 1946, 948). 


EXPERIMENTAL. 


(All light-absorption data were determined in alcoholic solution.) 


Addition of Thiolacetic Acid to Hex-l~yne. Formation of Hex-1-enyl Thiolacetate (1) and Hexane-1 : 2- 
dithiol Diacetate (V).—(a) When thiolacetic acid (15-2 g.; 0-2 mol.) was added to hex-l-yne (16-4 g.; 
0-2 mol.) a vigorous reaction ensued which, after the mixture had boiled, was moderated by external 
cooling (ice-salt). The mixture was finally heated for 10 minutes on the steam-bath, and fractionation 
gave (i) hex-l-enyl thiolacetate (16-8 g.; 53%) as a slightly yellowish liquid, b. p. 83°/20 mm., n?" 1-4899 
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(Found : C, 60-6; H, 9-0; S, 20-8. C,H,,OS requires C, 60-7; H, 8-9; S, 20-25%). Light absorption : 
see Table I; (ii) hexane-1 : 2-dithiol diacetate (8-3 g.; 18%): b. p. 85°/0-05 mm., 3!" 1-5070 (Found : 
C, 562-5; H, 7-9; S, 27-8. Cy 9H,,0,S, requires C, 52-2; H, 7-75; S, 27-4%). Light absorption: see 
Table I. 

(b) To hex-l-yne (16-4 g.) and ascaridole (0-17 g.), cooled in ice, a mixture of thiolacetic acid (15-2 g.) 
and ascaridole (0-17 g.) was added dropwise during 30 minutes with continual shaking. After 24 hours 
at 20°, distillation yielded hex-l-eny] thiolacetate (12-25 g.; 40%) and the dithiol diacetate (11-8 g.; 
25%). 

42s A solution of thiolacetic acid (15-2 g.) in ether (30 c.c.) was added dropwise during 10 minutes to 

hex-l-yne (16-4 g.) contained in a silica tube provided with an internal glass spiral through which cold 
water was circulated. The tube and its contents were exposed at a distance of about 15 cm. to the 
radiation of a mercury vapour lamp both during the addition and for a further 2 hours. The ether was 
removed, and distillation gave the thiolacetate (13-45 g.; 42%) and the dithiol diacetate (4-1 g.; 9%). 

. (d) Thiolacetic acid (30-4 g.) was added rapidly to a mixture of hex-l-yne (16-4 g.) and ascaridole 
(0-34 g.) at 0°. The cooling bath was removed as soon as the addition was complete, and the mixture 
boiled. After the spontaneous reaction had subsided, refluxing was continued for an hour, and 
distillation gave the thiolacetate (16-95 g.; 54%) and the dithiol diacetate (8-5 g.; 18%). 

Addition of Thiolacetic Acid to Hex-1-enyl Thiolacetate.—When thiolacetic acid (1-2 g.) and hex-l-enyl 
thiolacetate (2-4 g.) were mixed, no heat was evolved. After 1 hour’s heating on the steam-bath 
distillation gave 0-5 g. of recovered thiolacetate and hexane-l : 2-dithiol diacetate (2-15 g.; 60%), 
b. p. 158°/2 mm., n}%° 1-5071. 

Conversion of Hex-1-enyl Thiolacetate (1) into Derivatives of Hexoic Aldehyde.—(a) 2 : 4-Dinitrophenyl- 
hydvazone. The thiolacetate (1 g.) was added to a solution of 2 : 4-dinitrophenylhydrazine (2-4 g.) in 
alcohol (40 c.c.) containing concentrated sulphuric acid (1-6 g.), and the mixture was refluxed for 5 hours 
on the steam-bath, hydrogen sulphide being evolved. Orange-yellow needles (1-63 g.), m. p. 
97°, separated on cooling, and two crystallisations from alcohol gave hexoic aldehyde 2 : 4-dinitropheny]- 
hydrazone (1-1 g.; 52%), m. p. 104°, undepressed on admixture with an authentic specimen. 

(b) Semicarbazone. The thiolacetate (1-58 g.) was added to a solution of semicarbazide acetate 
from 2-44 g. of the hydrochloride) in alcohol (10 c.c.) and water (0-5 c.c.), and the mixture was refluxed 
24 hours) until hydrogen sulphide evolution ceased. Evaporation under reduced pressure and 

crystallisation of the residue from benzene-light petroleum (b. p. 40—60°) gave prisms of hexoic aldehyde 
semicarbazone (0-9 g.; 57 20)» m. p. 106°, undepressed on admixture with an authentic specimen. 

The initial benzene-insoluble residue was recrystallised thrice from alcohol-ether to yield B-acetyl- 
semicarbazide (0-76 g.; 65%) as prismatic needles, m. p. 163°, undepressed when mixed with an 
authentic sample, m. p. 165°, prepared according to Widman and Cleeve (Ber., 1898, 31, 381). 

Hexane-1 : 2-dithiol from the Diacetate (V).—The diacetate (8-9 g.) was refluxed on a steam-bath in 
nitrogen for 9 hours in an alcoholic solution (70 c.c.; 60%) of semicarbazide hydrochloride (8-5 g.). The 
yellow oil which separated was isolated with light petroleum (b. p. 40—60°), and fractionation gave 
hexane-l : 2-dithiol (4-7 g.; 82%), b. p. 99°/14 mm., n}?° 1-5071, as a colourless oil, with a putrid odour, 
which gave a blue precipitate with an alcoholic solution of ferric chloride [Found: C, 48-3; H, 9-7; 
S, 42-1; SH, 44-35. C,H,,S uires C, 47-9; H, 9-4; S, 42-7; SH, 44-0%]. 

A solution of the dithiol ( 1 g.) in dry acetone (10 c.c.) was saturated with dry hydrogen chloride and 
set aside overnight. Isolation by means of ether gave 2 : 2-dimethyl-4-n-butyl-1 : 3-dithiolan (1-1 g.), 
b. p. 110°/12 mm., n?*° 1-5052, as a colourless liquid with a fruity odour (Found: C, 57-2; H, 9-4; 
S, 33-25. C,H,,S, requires C, 56-8; H, 9-5; S, 33-65%). 

Addition of Thiolacetic Acid to Phenylacetylene.—Thiolacetic acid (15 g.; 0-2 mol.) was added 
dropwise to a mixture of phenylacetylene (20 g.; 0-2 mol.) and benzoyl peroxide (0-2 g.) at 20° during 
30 minutes. After 16 hours the mixture was heated on the steam-bath for 2 hours, and the product was 
isolated with ether, excess of thiolacetic acid being washed out with sodium carbonate solution. 
Evaporation and distillation of the residue gave styryl 2-thiolacetate (24-5 g.; 70%), b. p. 142°/16 mm., 
niJ° 1-6215, which crystallised in long needles, m. p. 32° (Found : C, 67-0; H, 5-5; S, 17°85. Ci 9H,,OS 
requires C, 67-4; H, 5-65; S,18-0%). Light absorption: see Table I. No homogeneous product could 
be isolated from the higher-boiling material. 

In the absence of benzoyl peroxide, the yield of the thiolacetate was only 25%, but irradiation, as 
described above, during the addition of the acid and for a further 3 hours gave a 60% yield of the 
thiolacetate. 

Conversion of Styryl Thiolacetate (V1) into Derivatives of Phenylacetaldehyde.—(a) Semicarbazone. 
A solution of the thiolacetate (1-8 g.) and semicarbazide hydrochloride (2-44 g.) in pyridine (13 c.c.) and 
water (5 c.c.) was heated on the steam-bath for 5 minutes; a rapid evolution of hydrogen sulphide 
occurred. After standing overnight at 20° the separated solid was crystallised from water, giving 
phenylacetaldehyde stmicarbazone (1-05 g.; 60%), m. p. (and mixed m. p.) 156° (Henle, Ber., 1905, 38, 
1366, gives m. p. 156°). 

(b) Oxime. A solution of the thiolacetate (1-8 g.), hydroxylamine hydrochloride (1-54 g.), and 
potassium acetate (2-16 g.) in alcohol (5 c.c.) and water (10 c.c.) was heated under reflux on the steam- 
bath for 30 hours. The 1esidue obtained on evaporation was crystallised from water, giving phenyl- 
acetaldoxime (0-54 g.; 40%), m. p. 102° (Harris and De Osa, Ber., 1904, 37, 843, give m. p. 103°). 

Addition of Thiolacetic Acid to p-Methoxyphenylacetylene.—When a mixture of thiolacetic acid (7-6 g.) 
and p-methoxyphenylacetylene (13-2 g:; Manchot, Annalen, 1912, 387, 278; Weltzien et al., ibid., 1923, 
433, 257) was heated, a vigorous reaction set in at about 40°. After this had subsided, refluxing was 
continued for 3 hours, and distillation then gave a product which crystallised on standing. 
Recrystallisation from light petroleum (b. p. 40—60°) gave = colourless needles of p-methoxystyryl 
2-thiolacetate, m. p. 46-5° (15-4 g.; 75%) (Found: C, 63-2; H, 5-8; S, 15-55. C,,H,,0,S requires 

C, 63-45; H, 5-8; S,15-4%). Light absorption: see Table I. 

Conversion of p-Methoxystyryl 2-Thiolacetate into Derivatives of p-Methoxyphenylacetaldehyde.— 
(a) Oxime. The thiolacetate (1 g.) was added to a solution of hydroxylamine acetate (from the 





[1949] Researches on Acetylenic Compounds. Part XVIII. 623 


hydrochloride, 1-2 g.) in alcohol (8 c.c.) and water (2 c.c.). Hydrogen sulphide was evolved in the cold, 
but in order to complete the reaction the mixture was heated under reflux for 16 hours. After 
evaporation to dryness under reduced pressure, the residue was treated with benzene (50 c.c.) and water 
(5c.c.), and the benzene layer was washed with water, dried, and evaporated. [The aqueous layer gavea 
cherry-red coloration with ferric chloride, characteristic of acethydroxamic acid (Jones and Oesper, 
J. Amer. Chem. Soc., 1909, 42, 518).] The residue was crystallised from light petroleum (b. p. 60—80°) 
and then twice from cyclohexane, giving p-methoxyphenylacetaldoxime (0-3 g., 38%), m. p. 111—113°, 
as long needles [this is probably a mixture of geometrical isomers, since Rosenmund and Dornsaft, Ber., 
1919, 52, 1740, give m. p. 120°) (Found: N,8-1. Calc. forC,H,,O,N : N, 8-5%). 

(b) Semicarbazone. The thiolacetate (1-04 g.) was added to a solution of semicarbazide acetate 
(from the hydrochloride, 1-2 g.) in alcohol (12 c.c.) and water (1 c.c.), and after 1 day at 20° the mixture 
was heated under reflux for 44 hours by which time hydrogen sulphide evolution had ceased. After 
evaporation, the dried residue was crystallised from benzene from which the semicarbazone of 
p-methoxyphenylacetaldehyde (0-57 g.; 52%) separated in needles, m. p. 173° (Weerman, Rec. Trav. 
chim., 1917, 87, 4, gives m. p. 173—174°; Harries and Adam, Ber., 1916, 49, 1033, give m. p. 175—176°). 

Octa-1 : 1-diyne (VIII) (with B. C. L. WzEDon).—To a solution of sodium acetylide, prepared from 
sodium (118 g.) in liquid ammonia (1800 c.c.) by using the ferric nitrate catalyst of Vaughn, Vogt, and 
Nieuwland (J. Amer. Chem. Soc., 1934, 56, 2120) to catalyse the formation of sodamide, a solution of 
tetramethylene dibromide (270 g.) in dry ether (500 c.c.) was added during 1 hour with cooling (alcohol— 
solid carbon dioxide) and stirring. More ether (100 c.c.) was then added, and the mixture was cooled 
and stirred overnight, during which time most of the ammonia evaporated. More ether was added, and 
the solid residue was decomposed by the careful addition of water. The ethereal layer was washed 
successively with sulphuric acid (2N), saturated sodium carbonate solution, and water, and dried (CaCl,). 
The ether was removed through a column, and distillation of the residual liquid gave octa-1 : 7-diyne 
(78-3 g.), b. p. 93—95°/190 mm., njf" 1-4521 (Lespieau and Deluchat, Compt. rend., 1926, 188, 889, give 
b. p. 135—136°, n?° 1-453). 

Addition of Thiolacetic Acid to Octa-1 : 7-diyne.—Thiolacetic acid (15-2 g.; 0-2 mol.) was added 
dropwise during 10 minutes to octadiyne (10-6 g., 0-1 mol.) cooled in ice-salt. After being allowed 
to warm to room temperature, the mixture was heated on the steam-bath for 1 hour. Careful 
fractionation of the mixture resulted in the separation of three products, viz.: (a) oct-l-en-7- myl thiol- 
acetate (IX) (4:8 g.; 26% based on octadiyne) as a yellow liquid, b. p. 61—62°/0-1 mm., njf* 1-5115 
(Found: S, 17-6. Cy, H,,OS requires S, 17-6%). Light absorption: see Table I; (b) oct-7-yn-1 : 2- 
dithiol diacetate (X) (3-05 g.; 12% based on octadiyne), a = liquid, b. p. 988—100°/10-* mm., n}§* 
1-5324 (Found: S, 24:8. C,,H,,0,S, requires S, 25-2%). ight absorption : see Table I; (c) oct-l-en- 
1: 7: 8-trithiol triacetate (XI) (12-1 g.; 36% based on octadiyne), a yellow liquid, b. p. 146°/2 x 10 mm., 
n?* 1-5458 (Found : S, 28-6. C,,H,,0,S, requires S, 28-8%). Light absorption : see Table I. 

Conversion of Oct-l-en-T-ynyl Thiolacetate (IX) into the Oxime of Oct-7-yn-l-al.—The thiolacetate 
(0-9 g.) was added to a solution of hydroxylamine acetate (from the hydrochloride, 0-8 g.) in alcohol 
(10 c.c.) and water (0-5 c.c.), and, although hydrogen sulphide was evolved in the cold, the mixture was 
heated under reflux for 24 hou:s in order to complete the reaction. Evaporation to dryness under 
reduced pressure and crystallisation of the residue from boiling water gave the oxime (0-35 g.; 50%) as 
needles, m. p. 86-5° (Found : C, 69-2; H,9-4. C,H,,ON requires C, 69-0; H, 9-4%). 

Addition of Thiolacetic Acid to Methyl Propargyl Ether.—The methyl ether (7-0 g.; 0-1 mol.) was 
treated with thiolacetic acid (7-5 g.; 0-1 mol.), added dropwise during 20 minutes, with or without a 
catalyst, and the resultant solution was allowed to stand or was heated on the steam-bath as indicated in 
the table below. Fractionation of the product gave (i) 3-methoxyprop-l-enyl thiolacetate (XII) as a 
straw-coloured liquid, b. p. 96—97°/14 mm., n}" 1-4997 (Found : S, 22-6. C,H4,0,S requires S, 21-95%), 
and (ii) 3-methoxypropane-1 : 2-dithiol diacetate (XIII) as a deep yellow viscous liquid, b. p. 
158—159°/13 mm., 38° 1-5143 (Found: S, 28-6. C,H,,0,S, requires S, 28-85%). Light-absorption 
data for both compounds are given in Table I. 

Mono- 
Time adduct Di-adduct 
Expt. Temp. )- * Conditions. (% yield). (% yield). 
1 No catalyst 5 
2 


With 1% of benzoyl peroxide 
With 1% of ascaridole 


No catalyst : ultra-violet irradiation 
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133. Nuclear Methylation of 3: 5-Dimethylphenol. 


By A. Burawoy and J. T. CHAMBERLAIN. 


The nuclear methylation of 3 : 5-dimethylphenol, involving its treatment with formaldehyde 
and calcium hydroxide and subsequent dry distillation, yields pentamethylphenol in addition to 
durenol. The action of fo dehyde on 3: 5-dimethylphenol and durenol in alkaline 
conditions has been systematically reinvestigated. It is confirmed that 3 : 5-dimethylphenol 
forms in presence of sodium hydroxide 3 : 5-dimethyl-4-hydroxymethylphenol, whereas it is 
known to yield with formaldehyde and piperidine 3 : 5-dimethyl-2-piperidinomethylphenol. 
In contrast to earlier claims, durenol reacts with formaldehyde in alkaline conditions. The 
reaction products are discussed. 


RECENTLY, a method for the exhaustive nuclear methylation of phenols has been described 
(Barclay, Burawoy, and Thomson, /J., 1944, 400), the phenol being treated with formaldehyde 
and calcium hydroxide and the mixture subjected to dry distillation, and the process being then 
repeated on the distillate. When applying this method to 3: 5-dimethylphenol, a good yield 
(30%) of 2: 3: 5: 6-tetramethylphenol (durenol) was obtained. This was erroneously thought 
to be the final product of the methylation, and it was concluded that durenol does not react with 
formaldehyde in alkaline conditions. This did not appear surprising since Caldwell and 
Thompson (J. Amer. Chem. Soc., 1939, 61, 765, 2354) had earlier reported that durenol does not 
react with formaldehyde and a secondary amine, and Megson (Trans. Faraday Soc., 1936, 32, 
336), by distilling the condensation product of 3 : 5-dimethylphenol with formaldehyde in acid 
conditions, had identified some durenol but no pentamethylphenol in the distillate. 

This also led to the erroneous conclusion that 3 : 5-dimethylphenol itself does not react with 
formaldehyde in the -position to the phenolic hydroxyl group, in contrast to Auwers’s 
claim (Ber., 1907, 40, 2524) that the 3: 5-dimethyl-x-hydroxymethylphenol obtained from 
3 : 5-dimethylphenol with one mole of formaldehyde in presence of sodium hydroxide is the 
4-derivative (I). Again, this doubt appeared to be justified since Auwers and Dombrowski’s 
claim (Annalen, 1906, 344, 280) that the product obtained from 3: 5-dimethylphenol with 
formaldehyde and piperidine is 3 : 5-dimethyl-4-piperidinomethylphenol was already shown to 
be incorrect by Caldwell and Thompson (loc. cit.). These authors subjected this product to 
catalytic reduction and obtained 2 : 3 : 5-trimethylphenol, establishing it to be 3 : 5-dimethyl-2- 
piperidinomethylphenol (II). Moreover, treatment of 3 : 5-dimethylphenol with hexamethylene- 
tetramine was known.‘to yield only 2-hydroxy-4 : 6-dimethylbenzaldehyde (Duff, J., 1941, 547). 


Me 


Me 
(I.) “ave Ho? \ (iL) 
Me C,H, NH Me 


Reinvestigating the nuclear methylation of 3: 5-dimethylphenol, we observed that in 
addition to durenol a small amount of pentamethylphenol is formed which increases in 
subsequent dry distillations. Yields of about 2, 5, and 8% of pentamethylphenol are obtained 
after 1, 2, and 3 dry distillations respectively. The formation of pentamethylphenol clearly 
indicated that chemical attack has at some stage occurred in the p-position to the phenolic 
hydroxyl group, necessitating a reinvestigation of the action of formaldehyde on durenol and 
3 : 5-dimethylphenol in alkaline conditions. We have found that : 

(i) Durenol reacts with formaldehyde in alkaline conditions to yield bishydroxyduryl- 
methane (III). This condensation does not occur very readily in the presence of calcium 
hydroxide or an equivalent amount of sodium hydroxide, i.e., the usual conditions for 
phenol-formaldehyde condensations, but requires a considerable excess of both sodium 
hydroxide and formaldehyde to be complete. No hydroxymethyldurenol can be isolated under 
these conditions. The properties of (III) are the subject of the following communication. 

(ii) 4-Methoxymethyl- and 4-ethoxymethyl-durenol (IV) are obtained by carrying out the 
condensation in methyl or ethyl alcohol respectively at room temperature. These substances 
are alkali-soluble and rather unstable. They are easily converted by heating with aqueous 


Me Me Me } Me Me Me Me Me 

HO—¢ rt, — SoH) = HOM NCH OMe(Et) (0 ScH,)OH 
Write e Me e Me Fie 
(III.) (IV.) (V.) 


alkali into (III), and with traces of an acid into a high-melting substance which is almost 
insoluble in all solvents and in alkali. It is probably a dimer or polymer anhydrohydroxy- 
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methyldurenol (V). Dry distillation of the alkoxymethyldurenols in presence of calcium 
hydroxide affords a 35% yield of pentamethylphenol in addition to a small amount of durenol. 

(iii) Durenol reacts with formaldehyde and piperidine, yielding the crystalline 4-piperidino- 
methyldurenol. Again, this condensation is very slow under the usual conditions, i.e., in 
alcoholic solution with only one mole each of formaldehyde and piperidine, which accounts for 
Caldwell and Thompson’s failure to obtain it. It proceeds readily when piperidine is used as 
solvent in place of alcohol, i.e., in stronger alkaline conditions. The slow rate of the reaction 
should be mainly due to the low acidity of durenol, the phenoxide ion being, undoubtedly, the 
reactant in such condensations, although steric hindrance by the methyl groups as a contributory 
factor cannot be exlcuded. When heated with aqueous alkali, piperidinomethyldurenol is 
converted into (III), whereas boiling concentrated hydrochloric acid does not affect it. 

(iv) The substance obtained from 3 : 5-dimethylphenol with 1 mole of formaldehyde and 
sodium hydroxide is, in agreement with Auwers’s claim, the 4-hydroxymethy] derivative (I), 
since oxidation of its methyl ether and of the known 4-methoxy-2 : 6-dimethylbenzaldehyde 
yields the same 4-methoxy-2 : 6-dimethylbenzoic acid. It is noteworthy that 3 : 5-dimethyl- 
phenol reacts with formaldehyde and sodium hydroxide in the 4-position in contrast to its reaction 
with formaldehyde and piperidine (as well as with hexamethylenetetramine), when attack occurs 
in the 2-position. Our experiments do not allow a decision whether this different behaviour is a 
function of the different pH or is due to a steric effect being operative in the formaldehyde—amine 
condensation, but not in the formaldehyde condensation. 

(v) Although the possibility cannot be excluded that the 4-methyl group in pentamethyl- 
phenol is introduced to a very small degree at an earlier stage of the nuclear methylation of 
3 : 5-dimethylphenol, we have ascertained that durenol itself is converted into pentamethylphenol 


when treated with formaldehyde and calcium hydroxide and dry distilled, the yield improving 
with an increasing amount of formaldehyde. 


EXPERIMENTAL. 


Exhaustive Nuclear Methylation of 3 : 5-Dimethylphenol.—3 : 5-Dimethylphenol (244 g.) was thoroughly 
mixed with calcium hydroxide (“‘ Limbux ”’) (244 g.). Formaldehyde (225 c.c. of 40% solution) was 
added gradually with mixing and cooling. After 24 hours, the mixture was distilled at low temperatures 
to remove water and unchanged 3 : 5-dimethylphenol, and, subsequently, dry distilled. The distillate 
(180 g.), “‘ Limbux ”’ (180 g.), and formaldehyde (150 c.c.) were again mixed and distilled. The process 
was Tr ted with the mixture consisting of the second distillate (150 g.), ‘‘ Limbux’’ (150 g.), and 
formaldehyde (100 c.c.). Fractionation of the final distillate, consisting mainly of durenol (b. p. 250°; 
m. p. 117—118°) and pentamethylphenol (b. p. 267°; m. p. 129°), yielded : 240—250°, 6 g.; 2 260°, 
34 & ; 260—265°, 19 g.; 265—275°, 23 g.; 275—285°, 12 g.; residue,7g. Treatment with formaldehyde 
and sodium hydroxide and — steam distillation yielded pure pentamethylphenol, 20 g. After 
only 1 and 2 dry distillations, 7 and 13 g. of pentamethylphenol were respectively obtained. 

Bishydroxydurylmethane (III).—To a warm solution of durenol (10 g.) in 10% sodium hydroxide 
(150 c.c.), 40% formaldehyde (50 c.c.) was added. After reaction had ceased, the mixture was acidified, 
and the compound was collected in almost quantitative yield; colourless needles (from ethyl alcohol), 
m. p. 213—214° (Found: C, 80-4; H, 9-2. C,,H,,O, requires C, 80-7; H, 90%). Heating with acetic 
anhydride and a drop of concentrated sulphuric acid yielded bisacetoxydurylmethane, colourless needles 
(from glacial acetic acid), m. p. 218° (Found : C, 76-2; H, 7-9. C,,H;,O, requires C, 75-7; H, 8-1%). 

Ethoxymethyldurenol.—To durenol (2 g.) in ethyl alcohol (100 c.c.), 40% formaldehyde (8 c.c.) and 
sodium hydroxide (2-5 c.c. of 10% solution) were added with cooling. A 3 days, the solution was 


carefully neutralised with acetic acid, and the Be ey was collected; colourless needles (from 
alcohol), m. p. 98° [Found: C, 75-1; H, 9-6; O 


t (Zeisel), 21-1. C,;H,O, requires C, 74-9; H, 9-7; 
OEt, 21-6%]. The compound was soluble in sodium hydroxide solution, and was very sensitive to heat 
in presence of traces of acids and alkalis. 

Ethoxymethyldurenyl Benzoate.—This compound formed colourless needles (from alcohol), m. p. 143° 
(Found : C, 77-4; H, 8-1; OEt, 13-8. C,)H,,O; requires C, 76-8; H, 7-8; OEt, 14-4%). 

Action of Alkali and Traces of Acid on Ethoxymethyldurenol.—(a) The phenol (0-5 g.) dissolved in 
10% sodium hydroxide (20 c.c.) was heated for a few minutes; pure bishydroxydurylmethane then 
separated. (b) A suspension of the phenol (1 g.) in water containing a trace of acetic or hydrochloric acid 
was boiled for a few minutes; the oil then solidified. After cooling, the precipitate was collected; it 
was colourless, had m. p. 256—260°, and was almost insoluble in all common solvents and in alkali. It 
was converted into bishydroxydurylmethane by being heated with methyl alcohol and a small amount 
of concentrated hydrochloric acid until solution was complete. No further investigation was carried out 
in view to the difficulty of its purification. 

Dry Distillation of Ethoxymethyldurenol_—A mixture of the phenol (5 g.) and “ Limbux "’ (5 g.) was 
dry distilled. The distillate, consisting of durenol and pentamethylphenol (2-4 g.), was treated with 
formaldehyde and alkali and steam-distilled. Yield: pentamethylphenol, 1-4 g.; bishydroxyduryl- 
methane, 0-6 g. 

Methoxymethyldurenol.—This was prepared as above, but in methyl-alcoholic solution. The 
ae formed needles (from alcohol), m. p. 112° (Found: OMe, 15-3. C,,H,,0, requires OMe, 
15- Be) with properties similar to those of ethoxymethyldurenol. 

peridinomethyldurenol.—To a solution of durenol (10 g.) in piperidine (40 c.c.), 40% formaldehyde 
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(20 c.c.) was added with cooling. After 4 days, the solution was diluted with water and extracted with 
ether. After washing, drying (Na,SO,), and removal of the ether, an oil (containing formaldehyde— 
piperidine condensation products) was removed at 118—127°/18—20 mm. The residue (15 g.) solidified 
on cooling, and was crystallised from alcohol. It formed needles, m. p. 130—131°, soluble in dilute 
mineral acids (Found: N, 6-0. C,sH,,ON requires N, 5-7%). It was converted into pure bishydroxy- 
durylmethane by being heated for a short time with a 10% sodium hydroxide solution, but was recovered 
unchanged after boiling with hydrochloric acid. 

3 : 5-Dimethyl-4-hydroxymethylanisole——A solution of 3: 5-dimethyl-4-hydroxymethylphenol 
(Auwers, Ber., 1907, 40, 2524) (5 g.) in 10% sodium hydroxide (20 c.c.) was shaken with methyl sulphate 
(4 c.c.); the anisole then separated as colourless needles (from light petroleum), m. p. 71° (Found : 
OMe, 18-2. C,).H,,O, requires OMe, 18-7%). : ‘ 

4-Methoxy-2 : 6-dimethylbenzoic Acid.—To a solution of 3: 5-dimethyl-4-hydroxymethylanisole 
(2°3 g.) in acetone (80 c.c.), potassium a (2-9 g.) in water (100 c.c.) was slowly added at 

-40—50°. After filtration and removal of acetone, the aqueous solution was neutralised with hydrochloric 
acid and the precipitate collected; the compound formed colourless needles (from ligroin), m. p. 
144—146° (Found: OMe, 16-8. C,H,,0,; requires OMe, 17-2%). 4-Methoxy-2 : 6-dimethyl- 
benzaldehyde, m. p. 47—48° (Auwers and Borsche, Ber., 1915, 48, 1713, give m. p. 45—47°), was oxidised 
asabove. The product obtained was identical with the former acid. 

Nuclear Methylation of Durenol.—A mixture of durenol (6 g.), calcium hydroxide (6 g.), and 40% 
formaldehyde (35 c.c.) was left for 20 hours, and then dry distilled. The distillate was treated with 
formaldehyde and alkali, and steam distilled. Yield: pentamethylphenol, 1-2 g.; bishydroxyduryl- 
methane, 4-5 g. 
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134. Action of Alkali and Acid on Bishydroxydurylmethane. 


By A. Burawoy and J. T. CHAMBERLAIN. 


The steric repulsive interaction of the four methyl groups in the o-position to the methylene 
group in bishydroxydurylmethane (I) is responsible for a considerable weakening of the 
C,;-CH,-C,,; linkages. In contrast to bis-4-hydroxy-3 : 5-dimethylphenylmethane (II) and 
bis-4-hydroxy-2 : 3 : 5-trimethylphenylmethane (III), bishydroxydurylmethane undergoes the 
following reactions. (i) Reduction by zinc dust and sodium hydroxide to pentamethylphenol 
and durenol. (ii) Hydrolysis below 100° by alkali with the formation of durenol and hydroxy- 
methyl- (or alkoxymethyl)-durenol (VI). When heating is carried out with methanolic sodium 
methoxide at 220°, (VI) is subsequently reduced ane meme (iii) Hydrolysis below 
100° by mineral acid, when the hydroxymethyl (or alkoxymethyl)-durenol formed is subsequently 
either recondensed to (I) or reduced to pentamethylphenol. This reduction is probably a 
pr of the 4-hydroxy-2 : 3 : 5 : 6-tetramethylphenylmethy]l ion (VIII) formed with mineral 
acid. It either involves disproportionation or is facilitated by a weak reducing agent added 
such as ethyl alcohol or formaldehyde, but not by methyl alcohol. These reactions afford 
convenient methods for the conversion of bishydroxydurylmethane into either durenol or 
pentamethylphenol and of durenol into pentamethylphenol, the original purpose of the 
investigation. 


Tue exhaustive nuclear methylation of 3: 5-dimethylphenol yields a mixture of durenol and 
pentamethylphenol, the amount of the latter increasing slowly with the number of dry 
distillations (cf. preceding paper). Our attempts to find a chemical method for the separation 
of these phenols or for the conversion of durenol into pentamethylphenol by an alternative route 
led to experiments of theoretical interest which are now reported. The original object has also 
been achieved. 

If only pure pentamethylphenol is required, the mixture of the two phenols can be treated 
with formaldehyde and sodium hydroxide; durenol is then converted into bishydroxyduryl- 
methane (I), and the unchanged pentamethylphenol can be separated by steam distillation 
(cf. preceding paper). It was not unreasonable to expect that the presence of four methyl 
groups in the o-position to the methylene group in bishydroxydurylmethane would be responsible 
for a considerable intramolecular steric hindrance of these groups (cf. below), and, as a result, 
an appreciable decrease of the C,,-CH,-C,, bond energies. We concentrated on the problem 
to convert (I) into either durenol or pentamethylphenol and investigated its reaction with zinc 
dust, alkali, and acid. 

Action of Zinc Dust and Alkali.—Bis-4-hydroxyarylmethanes are, generally, not reduced to 
the corresponding phenols by heating with zinc dust and alkali. Thus, bis-4-hydroxy-3 : 5- 
dimethylphenylmethane (II) and bis-4-hydroxy-2 : 3 : 5-trimethylphenylmethane (III) remain 
unaffected. However, bishydroxydurylmethane (I) behaves like bis-2-hydroxy-l-naphthyl- 
methane (Fries and Hiibner, Ber., 1906, 39, 441; cf. also Robinson and Weygand, J., 1941, 387) 
and is easily reduced to yield equal amounts of durenol and pentamethylphenol. The presence 
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of four methyl groups in the o-position to the methylene group appears to be a necessary 
condition for the ease of reduction. 
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Action of Alkali.—According to Cornforth, Cornforth, and Robinson (J., 1942, 682), phenols 
such as 2-naphthol and resorcinol when treated with methanolic sodium methoxide at 220° are 
nuclear methylated, whereas others such as phenol and Il-naphthol remain unchanged. 
Moreover, bis-2-hydroxy-l-naphthylmethane yields 75% of 1-methyl-2-naphthol. It is reduced 
to 1-methyl-2-naphthol and 2-naphthol which subsequently undergoes further methylation. 

We have found that bishydroxyarylmethanes such as (II) and (III) as well as bis-2-hydroxy- 
l-naphthylmethane remain unchanged when refluxed with strongly alkaline aqueous, 
methanolic, or ethanolic solutions, whereas bishydroxydurylmethane decomposes readily 
under these relatively mild conditions with the formation of about 50% of durenol. Hydrolysis 
(alcoholysis) has taken place to durenol and 4-hydroxymethyl- (or alkoxymethyl)-durenol. 
Again, the presence of four methyl groups in the o-position to the methylene group is responsible 
for the remarkable ease of hydrolysis (or alcoholysis). 

When heated at 220° with methanolic sodium methoxide, bis-4-hydroxy-3 : 5-dimethyl- 
methane (II) again remains unchanged, but bishydroxydurylmethane (I) yields a mixture of 
durenol and pentamethylphenol. Bis-4-hydroxy-2 : 3 : 5-trimethylphenylmethane (III) behaves 
like bis-2-hydroxy-l-naphthylmethane (loc. cit.) and under these more vigorous conditions also 
yields a mixture of 2 : 3 : 6-tri- and 2: 3 : 4: 6-tetra-methylphenol. These experiments indicate 
that the reductive fission of these bishydroxyarylmethanes is initiated by hydrolysis 
(or alcoholysis) followed by reduction of the hydroxymethyl (or alkoxymethy]l)-phenols formed. 
It is probable that the nuclear methylation of 2-naphthol and resorcinol (Joc. cit.) is also initiated 
by the intermediate formation at some stage of an alkoxymethylphenol (involving formaldehyde 
or formic acid as reactive agents). Durenol itself yields only traces of pentamethylphenol 
under these conditions. — 

Action of Mineral Acid.—Kharasch and Porsche (J. Org. Chem., 1936—1937, 1, 265) have 
shown that bis-2-hydroxy-l-naphthylmethanes (IV; R =H, Ph, etc.), when heated with a 
mixture of concentrated hydrochloric acid and glacial acetic acid (1: 50) for a few minutes, 
undergo hydrolysis with the formation of 2-naphthol. When R = H and Ph, 5 and 50% respect- 
ively of 2-naphthol are obtained. Dibenzoxanthens (V) are also formed in varying amounts. 
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We have found that bishydroxyarylmethanes such as (II) and (III) remain unchanged under 
these conditions, whereas (I) yields 10% of steam-volatile product which consists of durenol 
and pentamethylphenol. The reaction is more complicated than in the case of bis-2-hydroxy-1- 
naphthylmethane. Reduction has taken place in addition to hydrolysis. Following up this 
result, heating was carried out with mixtures of concentrated hydrochloric acid and glacial 
acetic acid, methyl alcohol, and ethyl alcohol respectively, temperature and reaction time being 
also varied. 

The apparently conflicting results (Table I) are accounted for as follows: Bishydroxyduryl- 
methane (I) is first hydrolysed to yield durenol and hydroxymethyldurenol (VI). The latter 
[probably after preceding dehydration to the corresponding anhydro-derivative (VII) or 
formation of the 4-hydroxy-2 : 3 : 5 : 6-tetramethylphenylmethy] ion (VIII)] may undergo two 
competitive reactions : (a) condensation to the starting material, (b) reduction to pentamethyl- 
phenol. This either involves disproportionation, i.e., another molecule of hydroxymethyldurenol, 
bishydroxydurylmethane or durenol serves as source of hydrogen, or it is facilitated by another 
hydrogen-supplying substance added such as ethyl alcohol or formaldehyde. 

Heating with concentrated hydrochloric acid-glacial acetic acid at 96—97° yields a mixture 
of durenol and pentamethylphenol (i). The formation of the latter can only be explained by 
disproportionation which is indicated by the formation of a considerable amount of resinous 
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TaBLeE I. 
Action of concentrated hydrochloric acid on bishydroxydurylmethane. 
Penta- 
Time Durenol, methyl- 
Reagent. Temp. (hrs.). %. phenol, %. 
(i CH,°COgH—conc. HCl] (1:1)  ...ccceceeseseececeeeeeeees 96—97° 6 15 24 
néeneneionsonnneenecenennte 70—80 6 25 trace 
i CH,-OH-conc. BED GR SB) ccevcccccrccccccccosescssesene 86—87 6 37 trace 
na nescqneasaseneucnnesonnsnnnees 86—87 15 83 trace 
wv C,H;° OH-conc. HCl BS ED nnscceconarasccencaasessesonee 93—94 6 33 42 
iniddbadectshbeenebitcubeaens 70—80 6 25 25 
(vii) C,H,°OH, saturated with HC] ........csccsssesceeseee 80—85 6 40 40 
- (viii) CH,° OH-conc. HCl-40% formaldehyde (2: 2:1)... 82—83 6 ood 52 
(ix) C,H,-OH-conc. HCl-40% formaldehyde (2:2:1) 87—88 6 _ 45 
(x) CH,*CO,H-conc. HCl-40% formaldehyde (2:2:1) 95—96 6 — 62 
(xi) Conc. HCl-40% formaldehyde (4:1) — .......+.-++++ 95 12 —_ 66 
(xii) As (ix), but durenol as starting material ............ 87—88 6 _— 70 


material. At 70—80°, in addition to durenol only a trace of pentamethylphenol and resinous 
material is formed since at this lower temperature disproportionation is negligible (ii). 





Me Me ro ~ Me Me 
poN . ~ N ~ N 
o—- HOS € _»+Hocu,€ Sou MeC H 
Me Me Me Me Me Me 
a (VI.) | 
Me “Me pis a 
V4 ~~ Yc . + jy S 
H-[Of H,],-OH (CH, H] 
ei ‘Wie 
(VIL.) (VIII) 


Durenol is also obtained with concentrated hydrochloric acid—methyl alcohol at 86—87° 
(iii, iv). The almost complete absence of pentamethylphenol and resinous material is again due 
to the lower temperature of the reaction. This affords a convenient method for the conversion 
of bishydroxydurylmethane into durenol. 

It is remarkable that in contrast to the action of concentrated hydrochloric acid—methyl 
alcohol, concentrated hydrochloric acid—ethyl alcohol at 93—94° yields a mixture of similar 
amounts of durenol and fentamethylphenol in very good yield (v). Reduction is mainly 
caused by ethyl alcohol as indicated by the strong odour of acetaldehyde developed during the 
reaction, but to a small degree also by disproportionation, a small amount of resinous material in 
the non-volatile residue being present. At 70—80° the same result is obtained (vi). The 
yield is lower, but the non-volatile residue is almost pure starting material, indicating that at 
this lower temperature disproportionation has not contributed to the reduction. The different 
behaviour of methyl alcohol and ethyl alcohol is, obviously, due to a considerable difference in 
their reducing power. The action of absolute ethyl alcohol saturated with hydrogen chloride is 
similar (vii). 

The only steam-volatile product obtained with formaldehyde is pentamethylphenol, since 
any durenol formed during the reaction would be reconverted into the starting material. 
Heating with a mixture of concentrated hydrochloric acid, 40% formaldehyde, and methyl 
alcohol (2: 1: 2) .yields over 50% of pentamethylphenol in addition to some starting material 
(viii). This establishes that formaldehyde acts as a reducing agent in this experiment since in 
its absence only a trace of pentamethylphenol is formed (cf. iii and iv). Methyl alcohol can be 
replaced by ethyl alcohol, glacial acetic acid, and water respectively in this experiment 
(ix, x, xi). 

The above experiments suggested a convenient method for the conversion of durenol into 
pentamethylphenol. Thus, treatment of durenol with ethyl alcohol, concentrated hydrochloric 
acid, and 40% formaldehyde affords as much as 70% of pentamethylphenol (xii). 

Action of Acid on Ethoxymethyldurenol.—We have postulated that the first stage in the action 
of acid on bishydroxydurylmethane is hydrolysis to durenol and hydroxymethyldurenol. The 
latter [its anhydro-derivative (VII) or ion (VIII)] is either reduced to pentamethylphenol or 
condensed to the starting material as discussed. This has been experimentally confirmed by 
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an investigation of the action of acid on the easily accessible ethoxymethyldurenol (for 
preparation, cf. preceding paper), which should behave like the alcohol (VII) itself (cf. Table II). 


TABLE II. 


Action of acid on ethoxymethyldurenol. ° 
Penta- Bishydroxy- 


Time Durenol, methyl- duryl- 
Reagent. Temp. (mins.). %. phenol, %. methane, %. 

(i) CH,-CO,H-conc. HCI (1: 1)....... 96—97° 10 26* 65 

li | fl hee 96—97 60 40* 52 

(iii) CH,-OH-conc. HCl (1: 1)......... 85—86 45 13 trace 80 

iv ie sn A eilneis 120 trace* 93 

(v) C,H,-OH-conc. HCl (1:1) ...... 93—95 45 = 76. 10 

vi ~~ 60 120 — 50 40 

(vii) C,H,-OH-CH,°CO,H (1: 1) ...... 90—100 45 a — 100 

(viii) H,O—-CH,°CO,H (1:1) ............ 90—100 45 — aaa 100 
(ix) CH,-OH-conc. HCl-40% form- 

aldehyde (2:2:1)  ......seseee 82 30 _ 20 60 


* Includes some durenol. 


Heating with glacial acetic acid-concentrated hydrochloric acid at 96—97° for 10 minutes 
yields 26% of volatile phenols consisting mainly of pentamethylphenol formed by 
disproportionation, and a small amount of durenol formed by some hydrolysis of bishydroxy- 
durylmethane formed in 65% yield (i). Prolonged heating increases the amount of durenol and 
pentamethylphenol at the expense of bishydroxydurylmethane (ii). 

Methyl alcohol-concentrated hydrochloric acid at 60° yields quantitatively bishydroxyduryl- 
methane, no reduction by methyl alcohol or disproportionation taking place (iv). At 85—86° 
a small amount of durenol is also obtained (iii). This is, obviously, due to the action of the acid 
on the bishydroxydurylmethane first formed. 

In contrast, heating with ethyl alcohol-concentrated hydrochloric acid at 93—95° affords at 
least 76% of pentamethylphenol (v); again, the strong odour of acetaldehyde is observed during 
the reaction. A small amount of a resinous residue may indicate that disproportionation 
makes a small contribution to the reduction. At 60° the rate of reduction is considerably 
reduced (vi); 50% of pentamethylphenol and 40% of bishydroxydurylmethane are formed. 

Again, formaldehyde acts as a reducing agent (ix). A mixture of methyl alcohol, 
concentrated hydrochloric acid and formaldehyde at 82—83° yields 20% of pentamethylphenol 
in addition to 60% of bishydroxydurylmethane. 


Fie. 1. 





The reduction of ethoxymethyldurenol to pentamethylphenol requires the presence of a 
mineral acid. Boiling with 50% alcoholic or aqueous acetic acid affords quantitatively 
bishydroxydurylmethane (vii, viii): moreover, it is analogous to the known reduction of 
triphenylmethylcarbinol, benzhydrol, and similar alcohols to the corresponding methane 
derivatives by mineral acids and ethyl alcohol (Fosse, Compt. rend., 1901, 188, 100, 881; 1904, 
139, 601; Kauffmann et al., Ber., 1905, 88, 2702; 1908, 41, 4422; Schmidlin and Garcia-Banis, 
Ber., 1912, 45, 3188). This suggests that it is a property of the 4-hydroxy-2 : 3: 5: 6-tetra- 
methylphenylmethy] ion (VIII) formed with strong acids. 

However, its analogy to the well-known reductive decomposition of diazo-compounds to the 
corresponding hydrocarbons is also noteworthy, although in the latter case the formation of aryl 
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radicals might precede reduction to the hydrocarbons (Hey and Waters, Chem. Reviews, 1937, 
21, 169; cf. also Ann. Reports, 1937, 34, 282; 1940, 37, 278). Again, it is known that methyl 
alcohol is much less effective than ethyl alcohol (Hantzsch and Jochem, Ber., 1901, 34, 3337; 
Hodgson and Kershaw, J., 1930, 2784), and that the alcohols can be replaced by formaldehyde 
(Brewster and Poje, J. Amer. Chem. Soc., 1939, 61, 2418). 

Bishydroxyarylmethanes such as (II) and (III) remain unchanged when heated with 
hydrochloric acid under the various conditions discussed above. The ease of reduction with 
zinc dust and alkali and of hydrolysis with alkali or acid of bishydroxydurylmethane is, 
undoubtedly, due to the considerable steric repulsive interaction of the o-substituted methyl 
groups with the methylene group and the o-substituted methyl groups of the other benzene 
ring respectively which will be responsible for a considerable weakening of the C,,-CH,-C,, 
‘linkages. Repulsion of the methyl groups and the methylene group should already be 
considerable. This is supported by the known conversion of hexamethylbenzene and isodurene 
into mesitylene by the action of hydriodic acid at 180—200° (Klages, Ber., 1904, 37, 1715), and 
is comparable to the steric repulsive interaction of the halogen atoms in o-dichlorobenzene, 
indicated by the longer C-Cl distance (1°71—1-72 a.) as compared with that in chlorobenzene 
(1°69 a.) (Brockway, Beach, and Pauling, J. Amer. Chem. Soc., 1935, 57, 2693, 2705; Brockway 
and Palmer, ibid., 1937, 59, 2181; cf. Burawoy, Trans. Faraday Soc., 1944, 40, 537). 


The steric repulsion of the methyl groups substituted in the 3, 3’, 5, and 5’ positions of the 
two benzene rings makes a considerable additional contribution to the weakening of the 
C,,;-CH,C,, linkages, since the 4-methyl group in pentamethylphenol is not removed when this 
phenol is heated with alkali or acid under the various conditions discussed. Figs. 1 and 2 show 
the dimensions of the molecule in the two possible extreme positions. (i) The benzene rings 
are coplanar, i.e., lie in the plane of the paper. This can be excluded since the 3- and 3’-methyl 
C atoms would occupy almost the same position. (ii) Both rings are perpendicular to the plane 
of the paper. The Ciy,.... Coq, and Ciq,....CSx, distances would be about 2°35a.; the 
van der Waals radius of a methyl group being about 2°0a., their interaction would be very 
considerable. An intermediate position may be the most stable one since it would involve the 
repulsive interaction of only one methyl group with the other benzene system, but it should still 
be larger. The Cop, . . . . benzene-plane distance would be about 2-0 a., whereas the half- 
thickness of the benzene ring alone is about 1-85. 

An X-ray analysis of bishydroxydurylmethane should be of interest since one would also 
expect that, in addition to the observed weakening of the C,,-CH,-C,, linkages, their distances 
will be longer, the normal angle at the methylene C atom widened, and this atom probably will 
not lie in the plane of the benzene rings. 

For a very interesting related discussion of the configuration of diphenylmethane derivatives, 
cf. also Megson, Brit. Plastics, 1948, 20, 27. 


EXPERIMENTAL. 


Action of Zinc and Sodium Hydroxide on Bishydroxydurylmethane.—Bishydroxydurylmethane (1-1 g.) 
was boiled under reflux with 10% sodium hydroxide (150 c.c.) and zinc dust (15 g.) for 6 hours. A 
mixture of durenol and pentamethylphenol (0-7 g.) was separated from unchanged starting material by 
steam distillation. After treatment with formaldehyde and sodium hydroxide, bishydroxydurylmethane 
es 8.) Fee pentamethylphenol (0-3 g.) were separated by steam distillation. Extent of reduction, 

f of theory. 

Action of Zinc and Sodium Hydroxide on Bis-4-hydroxy-3 : 5-dimethyl- and -2 : 3 : 5-trimethyl-phenyl- 
methane.—The phenol (2 g.) was refluxed with zinc dust (15 g.) and 10% sodium hydroxide (150 c.c.) for 


6 a. The starting material was recovered quantitatively from the reaction mixture by extraction 
with ether. 
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Action of Alkali on Bishydroxydurylmethane.—(i) Bishydroxydurylmethane (2 g.) was heated under 
reflux for 10 hours with sodium (5 g.) dissolved in methyl alcohol or ethyl alcohol (100 c.c.). Steam 
distillation of the acidified mixture yielded durenol free from any pentamethylphenol (1-0 g.). The 
residue was almost pure starting material. A similar result was obtained when heating was carried out 
with a mixture of ethyl alcohol (40 c.c.) and 10% sodium hydroxide (40 c.c.). (ii) Bishydroxyduryl- 
methane (2 8-) was heated for 7 hours with sodium (1 g.) dissolved in methyl alcohol (16 c.c.) in a Carius 
tube at 220°. Steam-distilled material consisting of durenol and pentamethylphenol (1-6 g.) yielded 
after treatment with formaldehyde and sodium hydroxide bishydroxydurylmethane (0-6 g.) and 
pentamethylphenol (0-9 g.). 

Action of Alkali on Bis-4-hydroxy-3 : a The phenol (2 g.) and sodium 
(5 g.) dissolved in ethyl alcohol (100 c.c.) were refluxed for 10 hours. Steam distillation yielded no 
volatile product, starting material being recovered unchanged. (ii) The phenol (2 g.) and sodium (1 g.) 
dissolved in methyl] alcohol (16 c.c.) were heated for 10 hours in a Carius tube at 220°. Starting material 
was recovered unchanged. 

Action of Alkali on Bis-4-hydroxy-2:3: any ea gg ay The phenol (2 g.) and sodium 
(5 g.) dissolved in ethyl alcohol (100 c.c.) were refluxed for 10 hours. The starting material was 
recovered unchanged. (ii) The phenol (0-5 g.) and sodium (0-3 g.) dissolved in methyl alcohol (6 c.c.) 
were heated for 10 hours at 220°. Steam-volatile material (0-4 g.) consisted of equal amounts of 
2:3: ee ine and 2:3: 4: 6-tetramethylphenol which were separated by treatment with 
formaldehyde and sodium hydroxide. 

Action of Alkali on Bis-2-hydroxy-1-naphthylmethane.—(i) The phenol (2 g.) was refluxed with sodium 
(5 g.) dissolved in ethyl alcohol (100 c.c.) for 10 hours. The starting material was recovered unchanged. 
(ii) The phenol (2 g.) was heated with sodium (1 g.) dissolved in methyl] alcohol (16 c.c.) for 10 hours at 
220°. After dilution with water and acidification, a solid mixture (1-6 g.) was collected which consisted 
mainly of 1-methyl-2-naphthol (cf. Cornforth, Cornforth, and Robinson, /oc. cit.). 

Action of Sodium Methoxide on Durenol.—Durenol (2 g.) was treated with sodium (1 g.) dissolved in 
methyl alcohol (16 c.c.) for 10 hours at 220°. Steam-volatile material (1-6 g., m. p. 115—116°) consisted 
of durenol contaminated with traces of a (0-05 F.)- 

Action of Hydrochloric Acid on Bishydroxydurylmethane in Various Solvents.—(i) Bishydroxyduryl- 
methane (2 g.) in glacial acetic acid (50 c.c.) and concentrated hydrochloric acid (2-5 c.c.) was boiled for 
3 minutes and then steam distilled. Conditions were similar to those used for bis-2-hydroxy-l-naphthyl- 
methane by Kharasch and Porsche (/oc. cit.). The volatile material (0-2 g.) was shown by treatment with 
formaldehyde and alkali and separation as above to be a mixture of durenol and {meg pe 
The residue was impure starting material. (ii) Bishydroxydurylmethane (2 g.) was heated for 6 hours 
at 96—97° (in a boiling water-bath) with glacial acetic acid (40 c.c.) and concentrated hydrochloric acid 
(40 c.c.). Steam distillation yielded a phenolic mixture (0-8 g., m. p. 103—107°), from which after 
treatment with formaldehyde and alkali, pentamethylphenol (0-5 g.) and bishydroxydurylmethane 
(0-3 g.) were obtained. The residue was resinous (1-1 g.). (iii) The experiment was repeated, but the 
oe was kept at 70—80°. Volatile material (0-5 g., m. p. 110—112°) was mainly durenol. The 
residue was almost pure starting material (1-4 g., m. p. 203—209°). (iv) Bishydroxydurylmethane 
(2 g.) was heated for 6 hours at 86—87° with methyl alcohol (40 c.c.) and concentrated h loric acid 
(40 c.c.). Steam distillation yielded durenol (0-7 g., m. p. 114—116°) which was contaminated with a 
minute amount of pentamethylphenol. The residue was almost —_ starting material. (v) Bishydroxy- 
durylmethane (2 g.) was heated with methyl alcohol (40 c.c.) and concentrated hydrochloric acid (40 c.c.) 
for 6 hours as above. After further addition of methyl alcohol (40 c.c.) and concentrated hydrochloric 
acid (40 c.c.), heating was continued for another 9 hours. Steam distillation yielded almost pure durenol 
(1-6 g., m. p. 114—117°), contaminated by a trace of pentamethylphenol. There was a small resinous 
residue. (vi) Bishydroxydurylmethane (2 g.) was heated for 6 hours at 93—94° (in a boiling water-bath) 
with ethyl alcohol (40 c.c.) and concentrated hydrochloric acid (40 c.c.). The volatile phenolic mixture 
(1-5 g., m. p. 103—105°) afforded, after treatment with formaldehyde and ium hydroxide, 

ntamethylphenol (0-8 g.) and bishydroxydurylmethane (0-6 g.). The residue was resinous (0-4 g.). 
Pri) The experiment was repeated at 70—80°. The volatile phenolic mixture (1 g., m. p. 102—105°) 
consisted of almost equal amounts of durenol and pentamethylphenol. The residue was mainly starting 
material (0-8 g.). (viii) Bishydroxydurylmethane (2 g.) and ethyl alcohol (100 c.c.) which was kept 
saturated with hydrogen chloride were refluxed for 6 hours. The phenolic mixture (1-6 g.; 
m. p. 100—103°), after treatment with formaldehyde and alkali, yielded bishydroxydurylmethane 
(0-8 g.) and pentamethylphenol (0-8 g.). The residue was tarry. 

Action of Formaldehyde and Hydrochloric Acid on Bishydroxydurylmethane in Various Solvents. (i) 
Bishydroxydurylmethane (2 g.) was heated for 6 hours at 82—83° (in a boiling water-bath) with methyl 
alcohol (40 c.c.), 40% formaldehyde (20 ordi and concentrated hydrochloric acid (40 c.c.). Steam 
distillation afforded pure pentamethylphenol (1-1 g.). The residue (0-9 g.) yielded more steam-volatile 
material on further treatment. (ii) The experiment was repeated with ethyl alcohol instead of methyl 
alcohol at 87—88°. The yield of pentamethylphenol was 0-9 g.; the residue was tarry (1 g.). (iii) The 
experiment was repeated with glacial acetic acid instead of alcohol at 95—96°. The yield of 
pentamethylphenol was 1-3 g.; the residue was tarry (0-6 g.). (iv) Bishydroxydurylmethane (2 g.) was 
heated for 12 hours at 95° with 40% formaldehyde (20 c.c.) and concentrated hydrochloric acid (80 c.c.). 
The yield of pentamethylphenol was 1-4 + 

ction of Formaldehyde and Mineral Acid on Durenol.—(i) Durenol (5 g.), glacial acetic acid (150 c.c.), 
40% fo: dehyde (25 c.c.), and 10% sulphuric acid (30 c.c.) were heated on a water-bath for 4 hours. 
After addition of more formaldehyde (25 c.c.), heating was continued for another 4 hours. The yield of 
pentamethylphenol was 3 g. (ii) ol (2 g.), ethyl alcohol (100 c.c.), 40% formaldehyde (50 c.c.), and 
were pas hydrochloric acid (100 c.c.) were heated at 87—-88° for 6 hours. The yield of pentamethyl- 
phenol was 1-5 g. 

Action of Hydrochloric Acid on ome ene igre and Bis-4-hydroxy-3 : 5-dimethyl- and Bis-4-hydroxy- 
2:3: 5-trimethyl-phenylmethane.—The phenol (1 g.), concentrated hydrochloric acid (20 c.c.), and 
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glacial acetic acid or — alcohol (20 c.c.) were boiled under reflux for 10 hours. The starting material 
was recovered unchanged. 

Action of Hydrochloric acid on Ethoxymethyldurenol.—(i) Ethoxymethyldurenol (1 g.) was heated for 
45 minutes at 93—95° with ethyl alcohol (25 c.c.) and concentrated hydrochloric acid (25 c.c.). Steam 
distillation afforded pure pentamethylphenol (0-6 g.; 76% of theory). The residue was resinous (0-1 g.). 
(ii) The experiment was repeated, but the temperature was kept at 60°, and heating continued for 
2 hours. Steam distillation afforded pentamethylphenol (0-4 g., 50% of theory). The residue was 
bishydroxydurylmethane Ne g.; 40% of theory). The odour of acetaldehyde developed during the 
last two experiments. (iii) The ethyl ether (1 g.) was heated for 45 minutes at 85° with methyl alcohol 
(25 c.c.) and concentrated hydrochloric acid (25 c.c.). Steam-volatile material consisted of durenol 
(0-1 g.) contaminated with traces of pentamethylphenol. The residue was bishydroxdurylmethane 
(0-6 g.; 80% of theory). (iv) The experiment was repeated, but the temperature was kept at 60° for 
2 hours. There was a trace of steam-volatile product. The residue was pure bishydroxydurylmethane 
(0-7.g.; 93% of theory). (v) The ethyl ether (1 g.) was heated for 10 minutes at 96—97° with glacial 
acetic acid (25 c.c.) and concentrated hydrochloric acid (25 c.c.). Steam distillation afforded 
pentamethylphenol contaminated with some durenol (0-2 g., m. p. 113—118°; 26% of theory). The 
residue was impure bishydroxydrurylmethane (0-5 g., m. p. 196—205°, 65% of theory). (vi) The 
experiment was repeated, but heating continued for 1 hour. The steam-volatile phenolic mixture 
consisted of roughly equal amounts of durenol and pentamethylphenol (0-3 g., m. p. 100—102°; 40% of 
theory). The residue was impure bishydroxydurylmethane (0-4 g.; 52% of theory). 

Action of Formaldehyde and Hydrochloric Acid on Ethoxymethyldurenol.—Ethoxymethyldurenol 
(1 g.), concentrated hydrochloric acid (60 c.c.), methyl alcohol (60 c.c.), and 40% formaldehyde (30 c.c.) 
were heated at 82—83° for 30 minutes. Steam distillation afforded pentamethylphenol (0-16 g.; 20% 
of theory). The residue was impure bishydroxydurylmethane (0-5 g., m. p. 205—210°; 60% of theory). 

Action of Hydrochloric Acid on Methoxymethyldurenol.—The methyl ether (1 g.) was heated for 
45 minutes at 93—94° with ethyl alcohol (20 c.c.) and concentrated hydrochloric acid (20 c.c.). Steam 
distillation yielded pentamethylphenol (0-6 g.; 71% of theory). 

Action of Acetic Acid on Ethoxymethyldurenol.—The ethyl ether was boiled under reflux for 45 minutes 


bea 50% aqueous or ethyl-alcoholic acetic acid. Bishydroxydurylmethane was obtained in quantitative 
yield. 
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135. The Condensation of Fluorene with Acetone. Part VI. Methylated 
Di- and Tetra-hydrofluoranthenes. Synthesis of 2:3: 4-Trimethyl- 
fluoranthene. 


By S. Horwoop TuckKER and (Miss) MARGARET WHALLEY. 


4-Fluorenylidene-2-methylpent-2-ene (I) has been cyclised (a) by hydriodic acid to 
2:4: 4-trimethyl-l : 2: 3 : 4-tetrahydrofluoranthene (IIa) * and 2: 3 : 4-trimethylfluoranthene 
(III) and (6) by hydrogen bromide and stannic chloride to 2: 4: 4-trimethyl-1 : 4(? 3: 4)- 
dihydrofluoranthene (IV). 


2:3: 4-Trimethylfluoranthene has been synthesised from 1 : 2 : 3-trimethylnaphthalene. 


Ir was clearly indicated (Maitland and Tucker, Part I, J., 1929, 2559; Tucker and Whalley, 
Part V, this vol., p. 50) that 9-fluorenylmagnesium bromide reacts with mesityl oxide to give, 
after dehydration, 4-fluorenylidene-2-methylpent-2-ene (I). The structure of this compound 
is in agreement with the following properties: (i) oxidation with sodium dichromate in acetic 
acid gives fluorenone; (ii) it forms a picrate; (iii) catalytic hydrogenation in presence of 
palladium-charcoal at atmospheric pressure shows the presence of two double bonds which are 
shown to be in the side chain by oxidation of the reduced product 4-(9-fluorenyl)-2-methyl- 
pentane (V) to fluorenone. It is surprising that this 1 : 3-diene (I) cannot be induced to give 
Diels—Alder addition products. This failure to undergo the typical diene reaction is, however, 
not unique : Backer and Strating (Rec. Trav. chim., 1941, 60, 391) failed to add maleic anhydride 
to 1-diphenylenebutadiene (assumed to be intermediately formed from 9-hydroxy-9-ally]- 
fluorene), and Bachman and Hatton (J. Amer. Chem. Soc., 1944, 66, 1513) found that 4-methyl- 
1 : 3-pentadiene, which is in some respects comparable with (I), failed to react with maleic 
anhydride and with benzoquinone even in the presence of antioxidants and at high temperatures. 

Maitland and Tucker (/oc. cit.) by the action of hydriodic acid on (I) obtained two compounds, 
(A), m. p. 51—55°, and (B), m. p. 103—104°. We have now established that (A) is identical 
with that obtained by catalytic hydrogenation of (I), viz., 4-(9-fluorenyl)-2-methylpentane 
(V); (B) was not at first obtained in the present series of experiments but was finally obtained 
on one occasion only when hydriodic acid (d 1°50) was used instead of the more concentrated 
acid (d 1°70). The structure (IIa) has been assigned to this compound (see below). There 


* The numbering of fluoranthene follows that of naphthalene in this series of papers. 
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was also isolated a substance not previously obtained by this reaction, 2: 3 : 4-trimethyl- 
fluoranthene (III), m. p. 133°. The structure of this compound was deduced by Forrest and 
Tucker (Part IV, J., 1948, 1137) and has now been confirmed by synthesis in the following 
manner : 1: 2: 3-Trimethylnaphthalene wnt conn l-iodo-2 : 3 : 4-trimethylnaphthalene 
>  1-(2’-nitrophenyl)-2 : 3 : 4-trimethylnaphthalene a a - e . 
2:3: 4-trimethylfluoranthene (cf. Ullmann, Annalen, 1904, 332, 38; Lesslie and Turner, /., 
1930, 1758; 1931, 1188; Rule and Smith, J., 1937, 1096; Forrest and Tucker, Joc. cit.). 
Treatment of (I) with hydrogen bromide in glacial acetic acid gave a white solid which with 
stannic chloride in benzene gave 2: 4: 4-irimethyl-1 : 4( ?3 : 4)-dihydrofluoranthene (IV). This 
appears to be a new method of cyclisation from an aromatic ring system possessing a butadiene 
side chain. It has been applied successfully to the synthesis of naphthalene derivatives (future 
communication). The position of the double bond in (IV) cannot be proved, but the following 
evidence supports the constitution assigned to it. Oxidation of (IV) with sodium dichromate 
and acetic acid yielded fluorenone-l-carboxylic acid, proving that ring formation to the 
1-position of the fluorene nucleus had occurred (see France, Tucker, and Forrest, Part III, /., 
1945, 7). Treatment of (IV) with selenium at 300° gave 2: 4-dimethylfluoranthene, m. p. 
113—115°, which had formerly been obtained by the same reaction from 2: 2: 4-trimethyl- 
1 : 2-dihydrofluoranthene (Forrest and Tucker, Joc. cit.). 2:4-Dimethylfluoranthene was 
reduced with hydrogen and palladium-charcoal to 2: 4-dimethyl-1: 2:3: 4-tetrahydro- 


fluoranthene, m. p. 115—117°, and a 2: 4-dimethyl-2 : 3(?1:2 or 3: 4)-dihydrofluoranthene, 
m. p. 84—86°. 
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Catalytic hydrogenation of (IV) (with absorption of one mole of hydrogen) yielded 
2:4: 4-trimethyl-1 : 2:3 : 4-tetrahydrofluoranthene (IIB), m. p. 85—87°. This compound was 
different from (IIa), m. p. 101—103°, and was presumably its stereoisomeride. 

When (IV) was oxidised with potassium permanganate in acetone solution at room 
temperature, it gave 2: 3(?1: 2)-dihydroxy-2 : 4: 4-trimethyl-1 : 2: 3 : 4-tetrahydrofluoranthene 
(VI), which was reduced with cold hydriodic acid in glacial acetic acid to (Ila). ; 

Reduction of (IV) with a hot solution of hydriodic acid in glacial acetic acid gave a 
hydrocarbon, m. p. 102—104°; the m. p. of a mixture with (IIa), m. p. 101—103°, was 

ss 
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depressed. Thus, since the only other possible stereoisomer of (IIA), viz., (IIB), has m. p. 
85—87°, the compound, m. p. 102—104°, cannot be a 2: 4: 4-trimethyl-1 : 2 : 3 : 4-tetrahydro- 
fluoranthene. Finally, since on dehydrogenation it yielded 2: 3: 4-trimethylfluoranthene it 
must be 2:3: 4-trimethyl-1 : 2:3: 4-tetrahydrofiuoranthene (VIIa) (see Forrest and Tucker, 
Part IV, Joc. cit.). Surprisingly, hydrogenation of 2: 3: 4-trimethylfluoranthene gave (VIIB), 
m. p. 107—109°, instead of (VIIa), m. p. 102—104°. It is noteworthy that whereas, as shown 
above, (IV) by the action of hot hydriodic acid solution gives, by migration of a methyl group, 
(VIIa), yet the corresponding 2: 2: 4-trimethyl-1 : 2-dihydrofluoranthene gives, without 
methyl-group migration, the normal hydrogenation product 2:2: 4-trimethyl-1: 2:3: 4- 
tetrahydrofluoranthene (France, Tucker, and Forrest, Joc. cit.). Migration of methyl can, 
however, be brought about by heating the above 2 : 2 : 4-trimethyl compound with zinc chloride 
or with phosphoric oxide (/oc. cit.) to give (III). 

The existence of the two pairs of isomers (IIa and IIs, m. p.s 101—103° and 85—87°, 
respectively; and VIIa and VIIs, m. p.s 102—104° and 107—109°, respectively) can be 
explained by geometrical isomerism. 

(VIIs), obtained by catalytic hydrogenation of (III), presumably has all added hydrogen 
atoms on the same side of the ring. 

A strong blue or blue-green fluorescence is exhibited by (III), (IV), (II), and by 
2 : 4-dimethylfluoranthene when exposed to ultraviolet light. It is interesting that whilst (IIa) 
fluoresces strongly, its isomeride (IIB) shows no colour in ultraviolet light. 


EXPERIMENTAL. 


Oxidation of 4-Fluorenylidene-2-methylpent-2-ene (I).—(I) (0-5 g.), sodium dichromate (2-6 g.) and 
glacial acetic acid (20 ml.) were boiled together (1-5 hours); more dichromate (2-0 g.) was added, and 
boiling continued (1-5 hours). Fluorenone (0-26 g.; yield, 70%) was isolated. The picrate of (I) 
crystallised from ethanol as orange-red needles, m. p. 106—107° (Found: C, 63-3; H, 4-5. 
C49H1.,CgH;0,N3 requires .. 63-2; H, 44%). 

4-(9-Fluorenyl)-2-methylpentane (V).—(I) (2-5 g.) was hydrogenated by means of palladium-charcoal 
(Cheronis and Levin, J. Chem. Educ., 1944, 21, 603) in ethanol. When wes was complete (2 mols. 
of hydrogen) the filtered, evaporated solution gave from methanol needles of (V), m. p. 51—55° (1-9 g.; 
76%) (Found: C, 91-1; H, 8-9. Calc. for C,,H,,: C, 91-2; H, 8-8%). By oxidation, as above, (V) 
gave fluorenone (0-1 g.; yield, 57%). 

Action of Hydriodic Acid on (1).—Repetition of the work described by Maitland and Tucker (Part I, 
loc. cit.) gave 4-(9-fluorenyl)-2-methylpentane (V), m. p. 51—55° (0-2 g.; 13%), and 2: 3: 4-trimethyl- 
fluoranthene (III), m. p. 133° (0-19 g.; 14%), identified by mixed m. p. determination. When hydriodic 
acid (d 1-50) was used, a small quantity of white plates, m. p. 103—104°, of 2 : 4: 4-trimethyl-1 : 2:3: 4- 
tetrahydrofluoranthene (IIA) was obtained on one occasion only (Found: C, 91-9; H, 8-0. C,H» 
requires C, 91-9; H, 8-1%). 

2:4:4-Trimethyl-1 : 4(? 3: 4)-dihydrofluoranthene (IV).—A solution of (I) (1-0 g.) in glacial acetic 
acid (15 ml.) was saturated with hydrogen bromide. The precipitated white solid was filtered off, 
washed with glacial acetic acid, and dissolved in dry benzene (10 ml.), and the solution cooled. Stannic 
chloride (4 ml.) in dry benzene (10 ml.) was then added rapidly. After standing (20 minutes) in 
ice-water the mixture was hydrolysed with concentrated hydrochloric acid in presence of a little ether. 
The organic layer was separated, washed successively with dilute hydrochloric acid, water, dilute sodium 
hydroxide, and water, and dried (Na,SO,) and evaporated to give 2 : 4 : 4-trimethyl-1 : 4(? 3 : 4)-dihydro- 
fiuoranthene (IV) which crystallised from ethanol in colourless plates, m. p. 106—107° (0-8 g.; 80%) 
(Found: C, 92-7; H, 7-2. C,)H,, requires C, 92-7; H, 7-°3%). Oxidation of (IV), as above, but for 
20 hours, gave fluorenone-l-carboxylic acid, m. p. 189—192°. Heating (IV) with selenium at 300° for 
5 hours gave, from ethanol, 2: 4-dimethylfluoranthene, m. p. 113—115°, which gave the s-trinitro- 
benzene complex, m. p. 223°. 

Catalytic Hydrogenation of 2 : 4-Dimethylfiuoranthene.—2 : 4-Dimethylfluoranthene was hydrogenated 
by means of twice its weight of 5% palladium-charcoal (Cheronis and Levin, Joc. cit.) in ethanol. 
Absorption ceased after 4 hours when an amount of hydrogen approximately equivalent to that required 
for hydrogenation of ene double bond had been absorbed. The filtered, evaporated ethanolic solution 
deposited prisms which crystallised from methanol as nacreous leaflets of 2 : 4-dimethyl-1 : 2:3: 4- 
tetrahydrofluoranthene, m. p. 115—117° (Found: C, 92-3; H, 7-5. C,,H,, requires C, 92-3; H, 7-7%). 
Concentration of the alcoholic filtrate gave a very small amount of yellow plates which crystallised from 
methanol as pale green prisms of 2 : 4-dimethyl-1 : 2(? 1:4, 3: 4)-dihydrofluoranthene, m. p. 84—86° 
(softening at 78°) (Found : C, 92-9; H, 6-8. C,,H,, requires C, 93-1; H, 6-9%). 

Reactions of (1V).—(i) (IV) (0-246 g.) was hydrogenated (palladium-—charcoal-ethanol) and gave, 
from ethanol, white needles of 2: 4: 4-trimethyl-1 : 2: 3 : 4-tetrahydrofluoranthene (IIB), m. p. 85—87° 
(0-230 g., 93%) (Found: C, 91-5; H, 7-7. Cy gH 4 requires C, 91-9; H, 8-1%). 

(ii) (a). (IV) (0-5 g.) was dissolved in acetone (10 ml.), potassium permanganate (0-5 g.) added in 
portions with frequent shaking, and the mixture left overnight, filtered, and evaporated. The residue 
crystallised from glacial acetic acid in white needles of 2:3(? 1: 2)-dihydroxy-2 : 4: 4-trimethyl- 
1:2:3: 4-tetrahydrofluoranthene (VI), m. p. 189—193° (0-2 g., 35%) (Found: C, 81-3; H, 6-9. 
C49H 990, requires C, 81-4; H, 7-1%). 

(ii) (b). (VI) (0-2 g.), dissolved in ey acetic acid (15 ml.), was treated with hydriodic acid (d 1-70, 
7 ml.), and the mixture kept for 24 hours. The solid which separated was crystallised from ethanol, 
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giving white needles, m. p. 103—104°, of 2: 4: 4-trimethyl-1 : 2: 3 : 4-tetrahydrofluoranthene (IIa). 
The m. p. of a mixture with the product of reaction of hot hydriodic acid on (I) (p. 634) was undepressed. 

(iii) (a). (IV) (0-5 g.), glacial acetic acid (15 ml.), and hydriodic acid (d 1-70, 4 ml.) were heated 
under reflux (5 hours). The reaction mixture was poured into sodium hydrogen sulphite solution, and 
the oil which separated was extracted with carbon tetrachloride. After evaporation, the residue 
crystallised from ethanol in white needles, m. p. 102—104°, of 2: 3 : 4-trimethyl-1 : 2 : 3 : 4-tetrahydro- 
fluoranthene (VIIa) (Found: C, 91-8; H, 8-0. Ci9H oo requires C, 91-9; H, 8-1%). 

(iii) (b). (VIIA) was heated with selenium (300°, 5hours). After extraction with ether, crystallisation 
from ethanol gave 2:3: 4-trimethylfluoranthene (III), identified by preparation of the s-trinitro- 
benzene derivative, m. p. 228—230°. 

(iii) (c). Attempts to hydrogenate (III) by means of Adams’s catalyst in acetic acid showed that 
hydrogen was absorbed, but no product could be isolated. Microhydrogenation using palladium-black 
in glacial acetic acid indicated the presence of 2-07 double bonds. Hydrogenation using the Cheronis— 
Levin catalyst gave excellent results: 2:3: 4-trimethylfluoranthene (0-122 g.) and catalyst (2 g.), in 
ethanol (20 ml.) which had been distilled from Raney nickel catalyst, gave practically theoretical 
absorption of hydrogen in 80 minutes. The solution was filtered, the palladium—charcoal thoroughly 
extracted with boiling ethanol and then with boiling ether, and the filtrates evaporated to dryness. 
Crystallisation of the residue first from glacial acetic acid and then from methanol gave hair-fine needles, 
m. p. 107—109°, of 2:3: 4-trimethyl-1:2:3: cae eee tee (VIIs) (0-09 g., 72%) (Found : 
C, 91-8; H, 81. Cy Hy» requires C, 91-9; H, 8-1%). eated in benzene solution with 2 : 4 : 7-trinitro- 
fluorenone, this gave an addition product, crystallising from benzene in dark scarlet prisms, m. p. 
190—192°, decomposing at 200° (Found : C, 68-3; H, 4:3; N, 7-6. Cy sHy9,C,;,;H,0,N; requires C, 68-2; 
H, 4-4; N, 7-5%). 

Synthesis o, 2 : 3: 4-Trimethylfluoranthene (III) from 1 : 2 : 3-Trimethylnaphthalene.—1-Iodo-2 : 3 : 4- 
trimethylnaphthalene. 1 : 2: 3-Trimethylnaphthalene (10-0 g.), prepared from 2 : 3-dimethylnaphthalene 
(Hewett, J., 1940, 293), was dissolved in glacial acetic acid (15 ml.), and potassium iodide (6-6 g.) added, 
followed by potassium iodate (9-6 g.). The mixture was refluxed till it acquired a pale straw-coloured 
tint (~6 hours). The solution was decanted from unchanged potassium iodate, shaken with sodium 
hydrogen sulphite solution, and extracted with carbon tetrachloride. Evaporation gave a dark oil which 
crystallised from methanol (charcoal) in white needles, turning brown in air, of l-iodo-2 : 3 : 4-trimethyl- 
rem) m. p. 110—112° (Found: C, 52-7; H, 4:3; I, 42-9. C,,H,,I requires C, 52-7; H, 4-4; 
I, 42-9%). 

ie itrophenyl)-2 : 3 : 4-trimethylnaphthalene.—1-Iodo-2 : 3 : 4-trimethylnaphthalene (2-09 g.) and 
o-bromonitrobenzene (1-40 g.) were heated together at 200—215°. “— -bronze (2-0 g.) was added at 
intervals, and heating continued with occasional shaking for 3 hours. e mixture was finally heated to 
250° for 6 minutes, and the residue extracted with dry ether. Crystallisation of the oil obtained gave 
pale straw-coloured needles, m. p. 126—127°, which contained halogen but no nitrogen (Found: C, 
62-3; H, 5-1%)—the nature of this compound has not been investigated—and a sticky oil which after 
vacuum sublimation crystallised from ethanol in yellow diamond-shaped plates, m. p. 111—114°, of 
1-(2’-nitrophenyl)-2 : 3 : 4-trimethylnaphthalene (10 g., 51%) (Found: C, 78-2; H, 59; N, 4-9. 
C,,H,,0,N requires C, 78-3; H, 5-8; N, 4-8%). 

1-(2’- Aminophenyl)-2 : 3 : 4-trimethylnaphthalene.—1-(2’-Nitropheny])-2 : 3 : 4-trimethylnaphthalene 
(0-7 g.) was hydrogenated with hydrogen in the presence of Raney nickel catalyst in ethanol containing a 
little sodium hydroxide. When theoretical absorption had occurred, the ethanol was removed, the 
remaining oil extracted with dilute hydrochloric acid, the acid layer basified with sodium hydroxide, and 
the oil which separated extracted with carbon tetrachloride. On removal of the solvent an oil which 
resisted crystallisation was obtained (0-5 g., 63%). 

2:3: 4-Trimethylfluoranthene (III).—1-(2’-Aminopheny])-2 : 3 : 4-trimethylnaphthalene (0-5 g.) was 
diazotised in dilute sulphuric acid. Excess of nitrite was destroyed by addition of a small quantity of 
urea, the yellow solution filtered, warmed ($ hour) with copper bronze (1 g.), filtered, and the copper 
extracted several times with boiling ethanol. The blue fluorescent solution obtained was concentrated : 
2:3: 4-trimethylfluoranthene, m. p. 133°, slowly separated. A complex formed with 2: 4: 7-trinitro- 
fluorenone, crystallised from benzene in bright scarlet needles, m. p. 208—210° (Found: C, 68-7; H, 
3°9; N, 7-5. Cy9Hy¢,C33H,O,N; requires Cc, 68-7; H, 3-8; N, 75%). 

We thank Miss R. H. Kennaway and .~ M. L. Cameron for microanalyses, the Donaldson Trustees 
and the Department of Scientific and Industrial Research for grants to one of us (M. W.), and 
Dr. R. P. Linstead, F.R.S., for gifts of fluorene and 2 : 3-dimethylnaphthalene. 
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136. Esters containing Phosphorus. Part VIII. Structural Require- 
ments for High Toxicity and Miotic Action of Esters of Fluoro- 
phosphonic Acid. 


By H. G. Coox, B. C. Saunpers, and F. E. Smitu. 


An account is given of the synthesis and physiological examination of certain hitherto- 
undescribed substituted-alkyl esters of fluorophosphonic acid. The results obtained, taken 
in conjunction with observations made in previous parts of this series, lead to certain general 
conclusions regarding the structural requirements necessary to produce high toxicity and 
miotic action. 
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In Parts IV and VI (J., 1948, 695, 1010) we recorded that the toxicity and miotic activity 
of diisopropyl] fluorophosphonate (I) were far greater than that of di-n-propy] fluorophosphonate. 
It was also shown that the toxicity of dicyclohexyl fluorophosphonate was of a very high order. 
In our Report No. 6 on Fluorophosphonates to the Ministry of Supply (McCombie and Saunders, 
Sept. 30, 1942) we reported the preparation of di-sec.-butyl fluorophosphonate (II) by the 
“‘ hydrogen phosphite method ” of Saunders and Stacey (see Part IV, Joc. cit.). The compound 
was found to be very toxic and to produce severe miosis in man and animals. The symptoms 
displayed during and after exposure were identical with those produced by diisopropyl 
fluorophosphonate. The L.C. 50 for di-sec.-butyl fluorophosphonate for mice for deaths within 
2 hours was 0°6 mg./l., and that for deaths within 48 hours was 0°54 mg./l. 

_ Four human observers were exposed to a concentration of 1 part in,10* for 5 minutes. A 
tightness across the chest was noticed, but three of them were of the opinion that it was perhaps 
not enough to call for the use of a respirator.* Some five minutes after they had left the chamber, 
miosis set in, and became intense and caused severe incapacitation which lasted for 5days. One 
observer suffered from sickness and diarrhoea in addition to the miotic effect. 

We then examined the preparation of the compound from the technical standpoint, and found 


that it could be prepared by a “ one-stage ”’ process from phosphorus trichloride and sec.-butyl 
alcohol in a 72% yield. 


HCl 
PCl, + 3CHMeEt‘OH —» P(OBus), ——> P(OBus),(OH) + BusCl 


NaF Che 
POF(OBus), <—— POCI(OBu‘), 


We had previously stated (Report to Ministry of Supply, Dec. 18, 1941) that di-n-butyl 
fiuorophosphonate (prepared at that time from silver fluorophosphonate and n-butyl bromide) 
was a compound of low toxicity and produced a negligible miotic effect. It seemed of interest 
then to determine whether the branching of the chain adjacent to the oxygen atom was a 
necessary requirement for high toxicity or whether a branching at the end of the chain would 
do equally well. Accordingly diisoamyl fluorophosphonate (III) was prepared by the hydrogen 


POF(O-CHMe,), | POF(O-CHMeEt), | POF(O-CH,-CH,-CHMe,), | POF(O-CHMe-CH,CHMe,), 
(I.) (II.) (III.) (IV.) 


phosphite method and shown to be almost non-toxic and devoid of miotic properties. A most 
striking result was obtained on examining the compound derived by branching the chain in (III) 
by a methyl group on carbon atom 1. This new compound, di-(1 : 3-dimethyl-n-butyl) fiuoro- 
phosphonate (IV), was found to be very toxic and to possess strong miotic action. A 10-minute 
exposure to a concentration of 1:2 mg./1. killed 3/3 rats, 0/4 guinea-pigs, and 10/10 mice. 

Di-(1-carbethoxyethyl) fluorophosphonate (V) was readily produced by the action of sodium 
fluoride on the corresponding chlorophosphonate obtained from di-(l-carbethoxyethy]l) 
hydrogen phosphite which in turn was obtained by the action of phosphorus trichloride on 
ethyl lactate (Part II, J., 1945, 873). Although (V) contained secondary groupings, it was 
found to be non-toxic and to produce only slight miosis in the pupils of the eyes of rabbits and 
guinea-pigs. 

In view of the high toxicity and very pronounced miotic effect of diisopropyl fluoro- 
phosphonate, di-(1 : 3-dichloroisopropyl) fluorophosphonate (V1) was of special interest. It was 
prepared from 1 : 3-dichlorohydrin and phosphorus trichloride. It did not have any appreciable 
miotic effect and the toxicity was of a low order. Di-(l-ethylpropyl) fluorophosphonate (VII), 


POF(O-CHMe:CO,Et), POF[O-CH(CH,C1),] POF(O:CHEt,), P(OH)(O-CH,°CH,Cl), 
(V.) , (VI.) (VILI.) (VIII.) 


prepared from phosphorus trichloride and the corresponding alcohol, caused constriction of the 
pupils of the eyes of rabbits and guinea-pigs at a concentration of 1 : 10,000 (1°07 mg./l). The 
material (b. p. 98°/2 mm.) formed a fine fog on atomisation. In spite of the secondary groupings 
the toxicity was not of a high order and only 13/23 of a batch of small animals died when exposed 
to the above concentration. Thus it becomes apparent that there is a falling off of toxicity 


* Negligible sensory irritation was caused by diisopropyl fluorophosphonate at a concentration of 
1 part in 10°. This, coupled with the fact that the odour was practically undetectable, means that 
sufficient warning is not usually given at this concentration to suggest the use of respirators. Exposures 
at this concentration caused severe miosis which persisted for several days and caused considerable 
incapacitation (Report No. 12 by McCombie and Saunders to Ministry of Supply, Aug. 4, 1943). 
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as methyl groups are replaced by ethyl groups, the potencies of compounds of this class being in 
the order (I) >(II) >(VII). 

In Part VI (loc. cit.) we described the preparation of di-(2-chloroethyl) fluorophosphonate by 
the action of phosphorus oxydichlorofluoride on ethylene chlorohydrin. The compound can 
also be prepared by the fluorination of di-(2-chloroethyl) chlorophosphonate, prepared from 
di-(2-chloroethyl) hydrogen phosphite (VIII), obtained by the action of phosphorus trichloride on 
ethylene chlorohydrin. This partial fluorination was effected by means of sodium fluoride, 
although the yield was not high. The chlorine atoms of the 2-chloroethyl groups were not 
affected by this procedure, a fact which falls into line with the observation of Saunders and 
Stacey (to be published) that ethylene chlorohydrin is not fluorinated by sodium fluoride, but 
only by potassium fluoride under pressure in a rotating autoclave (cf. McCombie and Saunders, 
Nature, 1946, 158, 382). 

Discussion.—From the investigations of the compounds described in this and in previous 
papers of this series, it is evident that the miotic effect and toxicity of the phosphonate molecule 
POX(O-CHR,R,), depend upon the nature of X, R,, and R,. It seems to be essential in this 
type of molecule that X should be fluorine, for miotic effect is absent and toxicity is of a low 
order if X = H, Et, OEt, O-CH,*CH,Cl, O-CH,°CH,F, Cl, NH,, NHMe, NHPh, CH,F, CH,°CH,F, 
CN, SCN, or morpholino. 

In the fluorophosphonate molecule (X = F), the pupil-constricting action and toxicity are 
increased by a secondary grouping (e.g., Ry = R, = Me; R, = Me, R, = Et; R,R, = cyclo- 
hexyl; R, = Me, R, = CH,°CHMe,). Furthermore, it appears that for non-cyclic compounds 
both R, and R, must, for the best results, be unsubstituted hydrocarbon radicals (e.g., if 
R, = Me and R, = CO,Et the compound is scarcely toxic). Similarly, if R = R, = CH,Cl, 
both the miotic effect and toxicity are of a low order. Among unsubstituted (non-cyclic) 
secondary radicals, the best results seem to be obtained when one group, at least, is Me, for, 
e.g., if Ry = R, = Et, the toxicity is considerably reduced. 

Turning again to primary phosphonates (R, = H), if R is substituted [e.g., di-(2-chloroethy]) 
fluorophosphonate], the toxicity and miotic effect are greatly inferior to those shown by the 
unsubstituted diethyl fluorophosphonate. Toxicity is also very low in the aromatic series; 
for example, diphenyl] fluorophosphonate is non-toxic and devoid of miotic properties. Similar 
remarks apply to sulphur analogues, e.g., diethyl fluorodithiophosphonate, POF(SEt),. 


EXPERIMENTAL.* 


Di-sec.-butyl Hydrogen Phosphite.—Phosphorus trichloride (137-5 g.), dissolved in dry ether (150 c.c.), 
was slowly run into sec.-butyl alcohol (222 g.) also dissolved in dry ether (150 c.c.). Dry air was passed 
through during the addition to remove as much hydrogen chloride as possible. Dry ammonia was then 
passed into the mixture to remove excess of hydrogen chloride as ammonium chloride, which was filtered 
off, this treatment being repeated if necessary. The ether was distilled off from the filtrate, and the 
ester oT 98%), 111°/15 mm.; yield 156 g. (70%) (Found: C, 49-1; H, 9-8. C,H,,0,P requires C, 
49-5; 8 

Di-sec.-butyl Chlorophosphonate.—The hydrogen phosphite (60 g.) was chlorinated at 0°, and the 
excess of hydrogen chloride removed by a stream of t= air. Powdered lead carbonate was added, and 
the mixture kept agitated by the bubbles of air. It was usually possible to ascertain when sufficient 
carbonate had been added by the fact that the lead salts tended to settle easily and leave a clear 
supernatant liquid. The lead chloride and carbonate were then filtered off, and the Mei yer 
eer x 92—94°/0-8 mm.; yield 42 g. (66%) (Found: Cl, 15-78, 15-72. C,H,,0,CIP requires 

, 15-53 ‘o}- 

Di-sec.-butyl Fluorophosphonate.—Fluorination without a solvent was not very successful. The best 
of a variety of conditions examined were as follows: The chlorophosphonate (57 g.) was dissolved in 
dry benzene (30 c.c.), sodium fluoride (16 g.) added, and the mixture very gently heated under reflux 
for 2hours. The product was filtered and treated with lead carbonate to remove any acid (which would 
cause decomposition during the subsequent distillation), refiltered, and the residue distilled. Practically 
~ Nye of the fluorophosphonate came over at 62—64°/0-8 mm. ; yield 39-5 g. (68%) (Found: F, 8-7. 

203FP requires F, 8-9%). 

ng of sec.-Butyl Fluorophosphonate by the ‘‘ One-stage ’’ Process.—sec.-Butyl alcohol (222 g.) 
was dissolved in approximately half its volume of carbon tetrachloride, and phosphorus trichloride 
(137-5 g.), dissolved in carbon tetrachloride (an equal volume), was slowly run in, the temperature of the 
mixture being kept down to about 10—12°. Air was drawn through the mixture during the reaction 
and for about 5 hours subsequently, in order to remove as much hydrogen chloride as possible (it was 
found, however, not absolutely essential to remove the last traces of hydrogen chloride at this stage). 
More carbon tetrachloride was added to the hydrogen phosphite solution thus produced, and chlorine 
passed in until a faint yellow coloration persisted. Air was then drawn through the product for 4 hours 
to remove hydrogen chloride. The solution of the chlorophosphonate was then transferred to a 750-c.c. 
round-bottomed flask fitted with a stirrer and reflux condenser. A small quantity of carbon tetra- 
chloride (to make up loss in bulk) and sodium fluoride (50 g., 1-2 mols.) were added, and the mixture 


* Several of the preparations here described are covered by B.P. 601,210, Sept. 15th, 1943. 
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gently heated to initiate the reaction, which then proceeded for a short time without application of heat. 
After the reaction had subsided, the mixture was heated so that the total time of the reaction did not 
exceed 45 minutes. The bag was then cooled, shaken with dry lead carbonate, left for some time, 
and then filtered (after adding kieselguhr, if necessary to hasten filtration). The carbon tetrachloride 
was then distilled off from the filtrate, and the residue boiled at 64-5°/0-15 mm.; yield 132 g. (72%) 
(Found: F, 8-9. Calc. for C,H,,0,FP: F, 8-9%). 

Di-n-butyl Fluorophosphonate.—Disilver fluorophosphonate (21-0 g.) and n-butyl iodide (24-4 g.) in 
toluene (50 c.c.) were heated under reflux for about 2 hours. After cooling, the silver salts were filtered 
off and washed with toluene. Toluene was distilled from the filtrate, and the residue fractionated. The 
di-n-butyl fluorophosphonate, b. p. 128°/30 mm., was collected; yield 4 g. (Found: C, 45:1; H, 81. 
C,H,,0;FP requires C, 45-2; H, 85%). 

Di-n-amyl Fevscaphosphensts.—Seapened in the usual way from the disilver salt and n-amy] iodide, 
this ester had b. p. 143—144°/30 mm. (Found : C, 49-5; H,9-1. C,9H,,0,;FP requires C, 50-0; H, 9-16%). 

Diisoamyl B uovrophosphonate.—The chlorophosphonate (77-0 g., 0-3 mol.) was added to sodium 
fluoride (37-8 g., 0-9 mol.) suspended in dry toluene, and the mixture gently heated under reflux with stirring 
for 2 hours. No fuming occurred with careful heating. After filtering and distilling off the toluene, 
the residue distilled at 137—147°/27 mm. On careful refractionation diisoamyl fluorophosphonate boiled 
at 135—138°/23 mm.; yield 43-0 g. (Found: F, 8-03, 7-97. CjgH,,0O,FP requires F, 7-92%). The 
identity of the compound was further established by its aang sanipe from disilver fluorophosphonate 
(cf. Part IV, loc. cit.). This salt (21-0 g.), isoamyl iodide, and dry ether (50 c.c.) were heated together 
under reflux for 1—2 hours. After filtration (and washing of the precipitate with ether), the ether was 
distilled off and the fraction of b. p. 142°/28 mm. was collected; yield 3 g. (Found: C, 49-2; H, 9-0%). 

Di-(1 : 3-dimethyl-n-butyl) Fluorophosphonate.—The chlorophosphonate (20 g.) was heated in toliene 
with sodium fluoride (5 g.) for 2 hours. After separation of the sodium salts, and distillation of the 
toluene, the residue was fractionated, and the fraction of b. p. 94—97°/0-9 mm. collected. This on 
refractionation gave di-(1 : 3-dimethyl-n-butyl) fluorophosphonate, b. p. 102—103°/2-7 mm.; yield 15 g. 
(Found: F, 7-11. C,,H,,0,;FP requires F, 7-09%). This ester contained phosphorus but no chlorine. 

Di-(1-carbethoxyethyl) Fluorophosphonate.—The chlorophosphonate (72-0 g.) was heated in benzene for 
30 minutes with silver fluoride (43 g.). The silver salts were then filtered off, the benzene distilled, and 
the residue fractionated. The fluoro-compound had b. p. 127—130°/0-9 mm.; yield 36-8 g. (54%). 
The remainder consisted of unchanged re pn og The oth it ponteined was redistilled at 
126—128°/0-6 mm. (Found: F, 6-2. C,H,,0,FP requires F, 6-33%) ; it contained phosphorus and was 
free from chlorine. 

Di-(1 : 3-dichloroisopropyl) Fluorophosphonate.—The chlorophosphonate (20 g.) was fluorinated by 
heating in benzene with sodium fluoride (5 g.) for 2 hours. After distillation of the benzene, the residue 
boiled at 165—168°/1 mm. On redistillation, the fluorophosphonate, b. p. 163—165°/0-7 mm., was 
collected (Found: C, 21-8; H, 2-9; F, 5-74. C,H,,0,Cl,FP requires C, 22-35; H, 3-1; F, 5-90%); it 
may not have been quite pure as it decomposed slowly on standing and etched the tube slightly. 

Di-(1-ethyl-n-propyl) Fluorophosphonate.—The crude chlorophosphonate (49 g.) was heated in 
benzene solution with sodium fluoride (10 g.) for 2 hours. After separation of the sodium salts, the 
benzene was distilled off (water-pump) and the residue distilled at 99—101°/2-1 mm.; yield 16g. The 
liquid was redistilled and the fluorophosphonate, b. p. 97—98°/2-0 mm., collected ; it contained phosphorus 
but was chlorine-free (Found: F, 7-81, 7-78. C,9H,,0;FP requires F, 7-92%). 

Di-2-chloroethyl Hydrogen Phosphite—The hydrogen phosphite-ammonia method (see Part I, /., 
1945, 380) was used, with phosphorus trichloride (9-06 g.) and ethylene chlorohydrin (160 g.). After 
distillation of the ether, the hydrogen phosphite had b. p. 129°/0-6 mm.; yield 100 g. (72%) (Found: Cl, 
34-5. C,H,O,C1,P requires Cl, 34:3%). 

Di-2-chloroethyl ge po gq ye hydrogen phosphite was saturated with chlorine in the 
usual way; the excess of chlorine was then removed by a current of air, and the hydrogen chloride 
by treatment with lead carbonate. After filtration, the product boiled at 139°/2:3 mm. and contained 
phosphorus; yield ca. 50% [Found : Cl (Stepanow), 45-46. C,H,O,Cl,P requires Cl, 44-21%]. 

Di-2-chloroethyl Fluorophosphonate.—The chlorophosphonate (24 g.) and sodium fluoride (12-6 g.) 
were heated together under reflux for 20 minutes. The product was extracted with dry ether, and the 
ethereal solution dried (Na,SO,). After distillation of the ether, the product distilled at 180—200°/30 mm. 
On careful refractionation a — of b. p. 142°/15 mm. was obtained; it contained both phosphorus and 
fluorine (Found : Cl, 31-99. c. for C,H,O,Cl,FP: Cl, 31-56%). The b. p. of the liquid obtained by 
the action of phosphorus oxydichlorofluoride on ethylene chlorohydrin was 142—144°/15 mm. 


We thank the Chief Scientist of the Ministry of Supply for permission to publish this work. 
UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, June 16th, 1948.] 





137. Chemiluminescent Organic Compounds. Part VIII. Substitution 
in the Amino-group of “ Iuminol” and its Effect on the Luminescence. 


By B. E. Cross and H. D. K. Drew. 


Substitution of one of the hydrogen atoms of the amino-group of luminol by several acyl 
groupings, and of both of them in the formation of a piperazone or a pyrazole ring, gave products 
of which the luminescence power indicated that the strong effect of the introduction of the 
amino-group in the unsubstituted cyclohydrazide molecule may perhaps depend on the 
retention of at least one of the two hydrogen atoms of the amino-group. Substitution of one 
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of these hydrogen atoms by a group capable of producing a molecular proportion of hydrogen 
peroxide, im situ, in the presence of atmospheric oxygen and alkali, was achieved; but this did 
not lead to an enhancement of the luminescence. 


** LuMINOL,” 5-aminophthalaz-1 : 4-dione (I; R = H), the first discovered of the luminescent 
phthalic cyclohydrazides, is still, in respect of this property, considerably the most powerful 
known member of the series, its nearest competitors being the 5-methylamino-, 5-hydroxy-, 
5-hydrazino-, and 5: 8-diacetamido-derivatives, in that order. Further substitutions of one 
or both of the hydrogen atoms of the 5-amino-group of luminol have now been made, in seeking 
both to improve the luminescence and to explain the dependence of this property on the nature 
and position of the substituents in the aromatic ring. 


O—CH, K >= ie Sates 


NHR 

y 2 H,—C i. co 

“A. 

™ CO b oO 
(I.) (II.) (III. _ (IV.) 


From luminol and _ chloroacetyl chloride, 5-chloroacetamidophthalaz-1:4-dione (I; 
R = CO°CH,°Cl) was obtained, which gave a strong bluish-white chemiluminescence (the 
luminescence, throughout, was tested with hydrogen peroxide and a trace of hemoglobin, in 
presence of an aqueous solution of 12 molar proportions of sodium hydroxide). Treatment 
with ammonia converted the foregoing substance into 5-glycylamidophthalaz-1 : 4-dione 
(I; R = CO-CH,°NH,), which gave a strong greenish-yellow chemiluminescence ; its w-acetyl 
derivative (I; R = CO*CH,*NHAc) afforded a somewhat weaker but still strong luminescence 
of the same shade. Interaction of the above 5-chloroacetamido-derivative with hydrazine 
hydrate yielded 5-hydrazinoacetamidophthalaz-1.: 4-dione (I; R = CO*CH,*NH’NH,), which 
likewise gave a strong greenish-yellow chemiluminescence. 

Digestion of the 5-chloroacetamido-derivative with dilute aqueous potassium carbonate did 
not yield 5-hydroxyacetamidophthalaz-1 : 4-dione but gave as the sole product NN’-bis-(5- 
phthalazyl-1 : 4-dione) piperazone (II) (cf. Abenius, J. pr. Chem., 1889, 40, 426). This piperazone 
gave only a very weak chemiluminescence. 65-3’ : 5’-Diethyl-1’-pyrazolylphthalaz-1 : 4-dione 
(III), obtained by condensing 3-hydrazinophthalimide with dipropionylmethane in acétic acid 
solution and then treating the product (the phthalimide corresponding to III) with hydrazine 
hydrate, was only weakly luminescent, though the glow was of long duration. Attempts were 
made to prepare an analogous pyrazolyl derivative of luminol, by condensing acetoacetic ester 
with 3-hydrazinophthalimide, but with acetic acid as solvent only B-acetyl-3-hydrazinophthalimide 
was produced, and, although by using ethanol as the solvent the hydvazone (IV) was obtained, we 
failed to effect ring-closure to the pyrazolyl compound. 

The above experiments suggest, though tentatively, that the very strong enhancement of 
luminescence which accompanies the introduction ef an amino-group into the aromatic nucleus of 
phthalaz-1 : 4-dione is little altered if one aminic hydrogen atom is substituted by an immobile 
atom or group, but is sensibly removed if both aminic hydrogens are so substituted. The 
preparation of a dimethylaminophthalaz-1 : 4-dione or other similar substance should decide 
the point. 

Garwood and one of us (J., 1938, 792; Trans. Faraday Soc., 1939, 212) have suggested that 
luminescence in this series occurs after the ion (V) has taken up a hydrogen peroxide molecule, 
giving (VI), which is then further oxidised by hydrogen peroxide to the luminescent compound 
(VII). We thought that the proportion of molecules of the type (VI) might be increased if a 
grouping could be attached to the hydrazide residue which was capable of evolving a molecule 
of free hydrogen peroxide in the presence of alkali and atmospheric oxygen, for this molecule 
would be released in the vicinity of the hydrazide residue. Duroquinol would afford such a 
residue (James and Weissberger, J. Amer. Chem. Soc., 1938, 60, 98), but as this would be difficult 
to attach to the luminol molecule we employed dihydroxydurylic acid which was found to 
behave in the same way. Dinitrodurylic acid, prepared by known processes from m-xylene, was 
converted into the acid chloride, and this was condensed with 3-aminophthalimide at the amino- 
group to give 3-3’ : 6’-dinitroduryloylamidophthalimide, which was reduced with zinc and acetic 
acid to the diamino-derivative. The latter was oxidised with ferric chloride in methanol to the 
corresponding quinone, which was then reduced with sulphur dioxide in methanol to 3-3’ : 6’-di- 
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hydroxyduryloylamidophthalimide. Finally, digestion of this with hydrazine hydrate produced 
the required substance, 5-3’ : 6’-dihydroxyduryloylamidophthalaz-1 : 4-dione (VIII). Most of 


OH 
= Me Me 
oe oe Me 
NH, 7 NH, c” XH, 4 gO 
Ys =O Oe ie 
W\ 4 wae WAQANT OL NH 
(V.) (VI.) (VII.) (VIII.) 


these reactions were difficult to carry out owing to the rather intractable nature of the substances. 
The final product was, in fact, luminescent in presence of air and aqueous alkali, so that it did 
actually give rise to hydrogen peroxide: but even in the presence of added hydrogen peroxide 
and a trace of hemoglobin it was not more luminescent than luminol. 


EXPERIMENTAL. 


All m. p.s are uncorrected.) 
P 


5-Chloroacetamidophthalaz-1 : 4-dione (I; R = CO*CH,Cl).—5-Aminophthalaz-1 :4-dione (12 g.), 
chloroacetyl chloride (8 c.c.), and pyridine (6 c.c.) were covered with glacial acetic acid and heated 
under reflux for 30 minutes. When cold, the chloroacetyl compound was collected. It crystallised from 

lacial acetic acid (charcoal) with one molecule of solvent as small white needles (17 g.; 82%), m. p. 263° 
decomp.) (Found : C, 45-8; H, 4:1. Cy H,O,N,Cl,C,H,O, requires C, 45-9; H, 3-85%). The molecule 
of acetic acid was slowly lost at 140° in a vacuum (Found: C, 47-6; H, 3-35; N, 16-8; Cl, 13-7. 
C49H,O;N,Cl requires C, 47-35; H, 3-2; N, 16-6; Cl, 14-0%). 

5-Glycylamidophthalaz-1 : 4-dione (I, R = CO’CH,*NH,).—Finely powdered 5-chloroacetamido- 
phthalaz-1 : 4-dione (2 g.) was covered with cold aqueous ammonia (d 0-880) and kept for 8 days in a 
closed vessel. The suspension was diluted with water, heated, and filtered, and the hot filtrate acidified 
with acetic acid. The white crystalline precipitate was twice recrystallised from dilute aqueous hydrazine 
as its hydrazine salt. The white crystalline phthalazdione was obtained by acidifying a hot aqueous 
solution of the salt with acetic acid. It was insoluble in all the usual solvents and had m. p. 244—245° 
(decomp.) (Found: C, 50-9; H, 4-6; N, 23-1. C,9H,O3N, requires C, 51-3; H, 4-3; N, 23-9%). Its 
w-acetyl derivative formed white needles, m. p. 270° (decomp.), from aqueous alcohol (Found : C, 51-8; 
H, 4-75; N, 19-95. C,,H,,O,N, requires C, 52:15; H, 4-4; N, 20-3%). 

5-Hydrazinoacetamidophthalaz-1 : 4-dione (I, R = CO-CH,-NH-NH,).—A mixture of finely powdered 
5-chloroacetamidophthalaz-1 : 4-dione (4 g.) with 100% hydrazine hydrate was allowed to stand for 
3 days and then warmed until all the dione dissolved. The solution was diluted to 120 c.c. and filtered 
while hot. The filtrate slowly deposited a white solid, which was collected and twice crystallised from 
very dilute aqueous hydrazine as the hydrazine salt. Acidification of a hot aqueous solution of the salt 
precipitated the required dione as white microcrystals, blackening at 310°. It rapidly reduced cold 
Fehling’s solution (Found : C, 48-45; H, 4-0; N,28-4. C,9H,,0O;N,requiresC, 48-2; H, 4-45; N, 28-1%). 

NN’-Bis-(5-phthalazyl-1 : 4-dione)piperazone (II).—5-Chloroacetamidophthalaz-1 : 4-dione mono- 
acetate (4 g.), anhydrous potassium carbonate (1-76 g.; 2 equivs.), and water (200 c.c.) were heated under 
reflux for 4 hours. The heavy, almost white product (2-6 g.; 90%) was separated from a small quantity 
of less dense greyish-black material by decantation. The piperazone formed small white crystals from a 
very large volume of glacial acetic acid, m. p. >325° (Found: C, 55-3; H, 3-55; N, 19-4. C,H,,O,N, 
requires C, 55-3; H, 3-25; N, 19-35%). It was insoluble in organic solvents, but readily soluble in cold 
4% sodium hydroxide solution. It did not reduce Fehling’s solution. 

3-Hydrazinophthalimide.—A solution of 3-aminophthalimide (5-0 g.), sodium hydroxide (1-35 g.), 
and sodium nitrite (2-4 g.) in water (40 c.c.) was cooled to —5° and stirred into 18% hydrochloric acid 
(55 c.c.), the temperature being kept below 0°. The diazonium salt solution was stirred into a solution 
of sodium sulphite heptahydrate (23-5 g.) and anhydrous sodium carbonate (25 g.) in water (150 c.c.), 
the temperature not being allowed to rise above 0°. After standing at room temperature for 10—15 
minutes, the mixture was acidified with concentrated hydrochloric acid (50 c.c.), and the clear yellow 
solution heated on the water-bath for 15 minutes. The pale yellow crystals of sodium phthalimide-3- 
hydrazine-f-sulphonate, which separated on cooling the solution to 0°, were collected and worked up as 
described by Drew and Pearman (J., 1937, 588), giving 3-hydrazinophthalimide (4-0 g.; 73%), m. p. 
208—210°. 

3-3’ : 5’-Diethyl-1’-pyrazolylphthalimide.—Dipropionylmethane (2-8 g.) and 3-hydrazinophthalimide 
(3-75 g.) were heated under reflux in glacial acetic acid solution for 4 hours. Most of the acetic acid was 
removed by distillation, and the residual solution diluted with water. The precipitate was collected and 
crystallised from aqueous alcohol (charcoal) and then from benzene, giving silvery-white plates 
(occasionally needles) (3-9 g.; 66%), m. p. 207—208°, which did not reduce Fehling’s solution (Found : 
Cc 66-75; H, 5-45; N, 16-3. C,,H,,0,; 3 requires Cc, 62-7; H, 5-9; N, 14-6. 1sH,,0,N; requires 
C, 66-9; H, 5-6; N, 15-6%). 

5-3’ : 5’-Diethyl-1'-pyrazolylphthalaz-1 : 4-dione (III).—The foregoing imide (1-7 g.), 50% hydrazine 
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hydrate (2-6 c.c.), and water (15 c.c.) were heated under reflux for 3—4 hours. Acidification of the cold 
solution gave a greyish-white precipitate of the dione, which was twice crystallised from aqueous alcohol, 
iving small silvery-white plates (0-85 g.; 47%), m. p. 232—234° (Found: C, 63-6; H, 5-85; N, 19-9. 
1511,,0,N, requires C, 63-4; H, 5-65; N, 19-7%). The dione was readily soluble in cold dilute sodium 
hydroxide solution; it did not reduce Fehling’s solution. 

Action of Acetoacetic Ester on Hydvazinophthalimide.—(a) A solution of 3-hydrazinophthalimide (2 g.) 
in glacial acetic acid was mixed with excess of acetoacetic ester (2 g.) and heated under reflux for 4 hours. 
The only product isolated from the red solution was B-acetyl-3-hydrazinophthalimide (2-0 g.; 80%), 
which crystallised from alcohol as cream-coloured needles, m. p. 283—285° (decomp.) (Found : C, 55-25; 
H, 4:3; N, 19-1. CyH,O,N; requires C, 54-8; H, 4-1; N, 19-2%). 

(b) A solution of tp mea ngs ay age (8-7 g.) in aqueous alcohol was mixed with acetoacetic 
ester (7-0 g.) and heated under reflux for 6 hours. Concentration of the solution gave the almost pure 
hydrvazone (IV) as yellow needles (12-3 g.; 86%). It crystallised from absolute alcohol or benzene as 
bright yellow needles, m. p. 160—162° (Found: C, 58-25; H, 5-3; N, 15-0. C,,H,,0O,N; requires C, 
58-15; H, 5-2; N, 14-55. C,,H,O,N, requires C, 59-25; H, 3-7; N, 17-3%). 

3 : 6-Dinitrodurylic Acid.—$-Cumene, prepared from m-xylene by the method of Maxwell and 
Adams (J. Amer. Chem. Soc., 1930, 52, 2962), was poco into acetyl-~-cumene as described by 
Wegler (J. pr. Chem., 1937, 148, 153). Oxidation of the ketone by a modification of Mills’s method 
(J., 1912, 101, 2192) yielded durylic acid, which on nitration (Nef, J., 1888, 432; Smith and Byrkit, 

. Amer. Chem. Soc., 1933, 55, 4307) gave the required dinitro-acid. 

3 : 6-Dinitroduryloyl Chloride.—A suspension of the dinitro-acid (40 g.) in dry benzene (130 c.c.) was 
heated under reflux with excess of thionyl chloride (23 c.c.) for 2 hours. The crystalline acid chloride, 
left after removal of the benzene and excess thionyl chloride under reduced pressure, recrystallised from 
light petroleum (b. p. 80—100°) as golden-brown bipyramids, m. p. 92—93° (39-2 g.; 92%) (Found : 
Cl, 12-9. Calc. for C,sH,N,Cl: Cl, 130%). Smith and Tenenbaum (J. Amer. Chem. Soc., 1935, 57, 
1295) give m. p. 90—91°. 

3-3’ : 6’-Dinitroduryloylamidophthalimide.—An intimate mixture of the dinitro-acid chloride (15 g.) 
and excess of 3-aminophthalimide (13-5 g.) was mixed with 100% acetic acid (50 c.c.) and heated under 
reflux in an oil-bath (bath temp. 125—130°) for 8hours. When cold, the pale buff-coloured product was 
collected, pressed and drained, and washed with a little spirit. Crystallisation from glacial acetic acid 
(charcoal) gave small white needles, m. p. 305—310° (decomp.); yield, 7-15 g., 33%. Recrystallisation 
from acetic acid and from methanol gave the duryloylamide as felted white needles, m. p. 316—317° 
(decomp.) (Found : C, 53-85; H, 3-45; N, 14-45. C,,H,,0O,N, requires C, 54-25; H, 3-5; N, 14-05%). 

The diamino-duryloylamide was prepared by adding zinc dust (8 g.) to a suspension of the foregoing 
dinitro-compound (4 g.) in a hot mixture of acetic acid (120 c.c.) and water (45 c.c.), followed by gentle 
heating under reflux for 45 minutes. The hot yellow solution was filtered from excess of zinc dust and 
reduced to small bulk under reduced pressure in an atmosphere of carbon dioxide. The residual solution 
was diluted, and the amine precipitated by the addition of ammonium chloride and ammonia. The 
greenish-yellow precipitate was collected and used in subsequent work without purification. Crystal- 
lisation from aqueous alcohol with addition of charcoal, followed by crystallisation from methanol- 
acetone, gave small white crystals, m. p. >305° (Found: C, 64:3; H, 5-7; N, 16-85. C,,H,,0,N, 
requires C, 63-9; H, 5-35; N, 16-55%). 

3-3’ : 5’-Dihydroxyduryloylamidophthalimide.—Finely powdered crude diaminoduryloylamido- 
phthalimide (3 g.) was added to a solution of ferric chloride hexahydrate (15 g.) in a mixture of methanol 
(150 c.c.) and concentrated hydrochloric acid (6 c.c.) at 0O—5°. After standing for 1 hour in ice, the dark 
red solution was left for 1 hour at room temperature and then filtered into cold water (350—400 c.c.). 
The mauve precipitate was collected, dried in a vacuum, powdered, and stirred into a saturated solution 
of sulphur dioxide in methanol (200 c.c.). After several hours’ standing, charcoal was added, and the 
solution boiled and filtered. The required guinol separated from the filtrate, after concentration, as 
dark cream-coloured crystals, m. p. 218—219° (decomp.) (0-55—0-75 g.). Recrystallisation from 
alcohol, acetic acid, and finally methanol gave cream-coloured needles, m. p. ca. 235° (decomp.) (Found : 
C, 63-9; H, 5-3; N, 8-15. C,,H,,0O;N, requires C, 63-5; H, 4-75; N, 825%). A dilute alcoholic 
solution of the quinol gave a fairly strong luminescence on admixture with an alkaline solution of luminol 
plus hemoglobin. ; 

5-3’ : 6’-Dihydroxyduryloylamidophthalaz-1 : 4-dione (VIII).—The foregoing phthalimide (0-4 g.) was 
heated under reflux with excess of 100% hydrazine hydrate (2 c.c.) in an oil-bath (bath temp. 125°) for 
20 minutes. It slowly dissolved (with evolution of ammonia) to a yellow solution from which the product 
was Lagan a gg by cooling and dilution. The product slowly dissolved in boiling methanol, giving a 
yellow solution, which after filtration and concentration deposited a white solid. The dione, which 
slowly turned brown, was collected, washed, and dried in a vacuum, m. p. ca. 215° (decomp.) (Found : 
C, 60-4; H, 5-2; N, 12-3. C,,H,,0,N, requires C, 60-85; H, 4-8; N, 11-85%). 


The authors are indebted to the Department of Scientific and Industrial Research for a Maintenance 
Allowance to one of them (B. E. C.). 
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138. The Search for Chemotherapeutic Amidines. Part X. Sub- 
stituted 4: 4’-Diamidino-aw-diphenoxyalkanes and -diphenyl Ethers. 


By S. S. Bera and (the late) G. NEWBERY. 


4: 4’-Diamidino-aw-diphenoxyalkanes have been substituted, in the o-position to the 
ether linkage, with halogen, nitro-, amino-, methoxy-, and alkyl groups, and 4: 4’-diamidino- 
diphenyl ether has been similarly substituted with halogen, nitro-, amino-, and hydroxy-groups. 
The products exhibited trypanocidal activity which was generally of a lower order than that of 
the parent diamidine. 

In contrast, the antibacterial activity of diamidinodiphenyl ether was slightly increased by 
introduction of halogen, whilst there was a pronounced increase in activity with the halogenated 
diamidinodiphenoxyalkanes. 


THE discovery of the trypanocidal action of symmetrical diamidines of the types (I) and (II) 
(Ashley et al., J., 1942, 103) prompted an investigation into the effect of substituents in the 
0-position to the ether linkage. Ashley and Harris (J., 1946, 567) described the preparation of 


(I.) Nc f_Y-o1cH eo < yc “ Sc C\0¢ Sco" ny 

NH, = = NH, — TZ Ne NH, 
a series of derivatives of 4: 4’-diamidinostilbene (‘‘ Stilbamidine ’’) containing substituents in 
the 2-position. Of these products, the 2-hydroxy- and 2-halogeno-derivatives exhibited 
increased trypanocidal activity, while the antibacterial activity was only slightly, if at all, 
enhanced. In the present series, however, introduction of halogen caused a pronounced increase 
in. antibacterial activity; the trypanocidal action was either decreased or not significantly 
affected. Both mono- and di-substituted derivatives have been prepared and tested; the 
biological results will be published elsewhere. A few results are reported by Wien (Brit. J. 
Pharmacol., 1946, 1, 65) and Wien, Harrison, and Freeman (Lancet, 1948, 711). 

The method of preparation of the diamidines was essentially that used by Ashley e¢ al. (loc. 
cit.), which involved the conversion of the dicyanides into the di-iminoethers, and thence into 
the diamidines. The latter presented no special difficulty in isolation and purification, the 
water-soluble hydrochlorides or isethionates usually being prepared. 

The substituted 4: 4’-dicyano-xw-diphenoxyalkanes were prepared (a) in the case of 
dicyanides of the type (III; R = F, Cl, Br, I, NO,, OMe) by condensation of the appropriate 
aw-dibromoalkane with the sodium salt of the substituted 4-cyanophenol in boiling ethanol; 
2’ : 2’"-dinitro-4’ : 4’’-dicyano-1 : 5-diphenoxypentane was also prepared by nitration of 4’ : 4’’-di- 
cyano-] : 5-diphenoxypentane; (b) in the case of dicyanides of the type (IV; R = Cl, Br, I, 


R R R 
oO \ co. oF S 4 Nc. oF S 
(III.) CN-€_S-O-[CHy), o< cn wins oe [CHywO-€_S-CN (IV,) 


NO,; R’ = Ror H) by condensation of the appropriate 4-cyanophenoxyalkyl bromide with the 
sodium salt of the substituted 4-cyanophenol. The former were prepared by treating sodium 
4-cyanophenoxide with excess of aw-dibromoalkane in water. 

4’ : 4”-Dicyano-2’ : 2’’-dimethyl-1 : 5-diphenoxypentane and 4’ : 4’’-dibromo-2’ : 2"’-dimethyl- 
1 : 6-diphenoxyhexane were prepared by the action of cuprous cyanide in presence of pyridine 
or quinoline on 4’ : 4’’-dibromo-2’ : 2’’-dimethyl-1 : 5-diphenoxypentane and 4’ : 4’’-dibromo-2’ : 2’’- 
dimethyl-1 : 6-diphenoxyhexane, respectively, the bisdibromo-compounds being prepared by the 
condensation of the appropriate aw-dibromoalkane with sodium 4-bromo-2-methylphenoxide. 

In attempts to demethylate 4’ : 4’’-dicyano-2’ : 2”-dimethoxy-1 : 5-diphenoxypentane with 
the usual reagents, in order to prepare the corresponding dihydroxy-compound, there was no 
difference between the ease of fission of the methoxy- and the methylene ether linkages, and 
4-cyanocatechol was obtained together with unchanged material in all experiments. 

2-Nitro-4 : 4’-dicyanodiphenyl ether, prepared by condensation of 3-nitro-4-bromophenyl 
cyanide and sodium 4-cyanophenoxide, was the starting material for the preparation of the 
mono-nitro-, amino-, and -halogeno-substituted 4 : 4’-dicyanodiphenyl ethers. It was reduced 
to 2-amino-4 : 4’-dicyanodiphenyl ether by iron powder or stannous chloride—hydrochloric acid in 
boiling acetic acid. In the latter case, some monoamide was isolated. Conversion of the 
amino-group into halogen by standard methods proceeded smoothly. 

Nitration of 4 : 4’-dicyanodiphenyl ether with fuming nitric acid yielded 2 : 2’-dinitro-4 : 4’- 
dicyanodiphenyl ether, the constitution of which was proved by fission with boiling piperidine 
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(cf. Le Févre, Saunders, and Turner, J., 1927, 1172), whereupon 2-nitro-4-cyanophenol (prepared 
by nitration of 4-cyanophenol) and N-(2-nitro-4-cyanophenyl)piperidine were obtained. It was 
reduced to 2 : 2’-diamino-4 : 4’-dicyanodiphenyl ether with iron powder in boiling acetic acid, and 
converted into 2 : 2’-di-iodo-4 : 4’-dicyanodiphenyl ether by the standard procedure. 

4 : 4’-Dicyano-2-methoxydiphenyl ether was prepared by fusion of the potassium salt of 
4-cyanoguaiacol with 4-bromophenyl cyanide. Treatment with aluminium chloride in 
nitrobenzene at 55° gave 2-hydroxy-4 : 4’-dicyanodiphenyl ether. 

The substituted 4-cyanophenols were prepared as follows : 2-methoxy-4-cyanophenol by the 
method of Marcus (Ber., 1891, 24, 3654) ; 2-chloro- and 2-bromo-4-cyanophenol by chlorination, 
and bromination, respectively, of 4-cyanophenol in chloroform. A method similar to that used 
by Paal (Ber., 1895, 28, 2413) for iodination of 4-hydroxybenzaldehyde was developed for the 
preparation of 2-iodo-4-cyanophenol and 2: 6-di-iodo-4-cyanophenol. 2-Fluoro-4-cyanophenol 
was obtained from 2-fluoro-4-nitroanisole by successive demethylation, reduction, diazotisation, 
and Sandmeyer reaction. Nitration of 4-cyanophenol gave the 2-nitro-derivative. 

2’: 2”-Dinitro-4’ : 4’’-diamidino-1 : 5-diphenoxypentane dihydrochloride was reduced catalytically 
in the presence of Raney nickel to 2’: 2’-diamino-4’ : 4”-diamidino-1 : 5-diphenoxypentane 
dihydrochloride. 


EXPERIMENTAL. 


2-Chloro-4-cyanophenol.—4-Cyanophenol (5-9 g.) in chloroform (100 c.c.) was stirred at room 
temperature and treated during 0-25 hour with a solution of chlorine (3-5 g.) in chloroform (10 c.c.). 
After 5 minutes’ warming on the steam-bath, hydrogen chloride was evolved and the solution became 
colourless. The solvent was removed under reduced pressure, and the residue crystallised from water 
(130 c.c.) in long white needles (4-2 g.), m. p. 155° (Biltz, Ber., 1904, 37, 4034, m. p. 155°). 

2-Bromo-4-cyanophenol.—A mixture of 4-cyanophenol (11-9 g.) in chloroform (200 c.c.) and bromine 
(16 g.) was warmed until a vigorous reaction occurred, and after this had subsided, the solution was 
boiled under reflux until colourless (2—3 hours). Hydrogen bromide was copiously evolved at first, 
after which some crystallisation occurred. The solvent was then removed under reduced pressure, 
and the residue crystallised from water (200 c.c.) to give long white needles (13 g.), m. p. 156—157° 
(Auwers and Reis, Ber., 1896, 29, 2359, m. p. 155°). 

A portion of the residue which was insoluble in water crystallised from 20% aqueous ethanol in white 
needles (1 g.), m. p. 188°, and was shown to be 2 : 6-dibromo-4-cyanophenol. 

2-Iodo-4-cyanophenol and 2 : 6-Di-iodo-4-cyanophenol.—A solution of 4-cyanophenol (10 g.) and iodine 
(20 g.) in ethanol (250 c.c.) and water (600 c.c.) was boiled under reflux for 24 hours. The red solution 
was decolorised by addition of sodium hydrogen sulphite, and cooled to 20°. The colourless product 
crystallised in needles (2-2 g.) from 50% ethanol, m. p. 205—206°, and was identical with a sample of 
2 : 6-di-iodo-4-cyanophenol prepared by the method of Auwers and Reis (Joc. cit.). The mother liquors 
from the reaction were concentrated, under reduced pressure, to 300 c.c., 2-todo-4-cyanophenol separating 
on cooling. It was recrystallised thrice from water and formed long white needles (3-5 g.), m. p. 144° 
(Found: N, 5-6; I, 51:8. C,H,ONI requires N, 5-7; I, 51-8%). 

2-Fluoro-4-nitrophenol.—2-Fluoro-4-nitroanisole (1 g.) (Schiemann and Miau, Ber., 1933, 66, 1179) 
and aluminium chloride (1-25 g.) were well mixed, and heated for 3 hours on the steam-bath. Water 
(20 c.c.) was added, and the crystals which separated on cooling were filtered off, dissolved in 2N-sodium 
carbonate (15 c.c.) at 60—70° (charcoal), and the hot yellow solution acidified with hydrochloric acid 
d 1-16). The product crystallised from water (20 c.c.) in white fluffy needles or pale yellow plates 
0-5 g.), m. p. 117—118° (Found: N, 8-7. C,H,O,NF requires N, 8-9%). 

2-Fluoro-4-aminophenol.—A boiling solution of 2-fluoro-4-nitrophenol (1 g.) in 2N-acetic acid (15 c.c.) 
was treated carefully with reduced iron _— (I g.). When the vigorous reaction subsided, the 
insoluble material was collected, and the filtrate evaporated to dryness under reduced pressure. The 
residue was treated with saturated aqueous sodium hydrogen carbonate (20 c.c.), and thoroughly extracted 
with ether. The extract yielded eee | which crystallised from benzene in pale brown 
prisms (0-4 g.), m. p. 162° (Found: N, 11-2. C,H,ONF requires N, es 

2-Fluoro-4-cyanophenol.—A suspension of 2-fluoro-4-aminophenol 0-3 g.) in hydrochloric acid 
(d 1-16; 0-6 c.c.) was added, all at once, to a mixture of sodium nitrite (0-2 g.) and ice (5 g.). 
After being stirred for } hour, the solution was neutralised (litmus) with sodium carbonate, and added 
to a stirred solution of potassium cuprocyanide (0-6 g.) in water (5 c.c.) at 90°. The dark, frothy, 
mixture was stirred at 90° for 0-5 hour, cooled, acidified (litmus) with hydrochloric acid (d 1-16) and 
saturated with sodium chloride. The mixture was thoroughly extracted with ether, and the extract 
yielded a solid which was sublimed at 90—110°/0-3 mm. The phenol crystallised from light petroleum 
(b. p. 80—100°) in colourless needles (0-2 g.), m. p. 134° (Found: C, 61-5; H, 3-0; N, 10-3. C,H,ONF 
requires C, 61-3; H, 2-9; N, 10-2%). 

2-Nitro-4-cyanophenol.—4-Cyanophenol (3 g.) in acetic acid (5 c.c.) was treated with nitric acid 
(d 1-42; lec.c.). After the vigorous reaction had subsided, the solution was cooled, and the product 
filtered off, washed with water, and crystallised from dilute acetic acid to give yellow plates (3-1 g.), 
m. p. 144° (Auwers and Rohrig, Ber., 1897, 30, 997, m. p. 143—145°). 

3-4'-Cyanophenoxypropyl Bromide.—A mixture of 1 : 3-dibromopr e (32-3 g.), 4-cyanophenol 
(11-9 g.), sodium hydroxide (4 g.), and water (60 c.c.) was boiled under reflux for 6 hours. After cooling, 
4’ : 4’’-dicyano-1 : 3-diphenoxypropane (2-0 g.) was filtered off, and the oil was extracted withether. The 
ethereal solution after being washed with water, N-sodium hydroxide, and then water yielded a fraction 
(10 g.), b. p. 70—110°/0-5 mm. (consisting mainly of 1 : 3-dibromopropane), and the required bromide, 
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a colourless oil (20 g.), b. 


Berg and Newbery : 


. 158—161°/0-5 mm. 


It solidified on standing, and crystallised from ligroin 
in white needles, m. p. 40° (Found: N, 5-8; Br, 33-2. C,gH,ONBr requires N, 5-8; Br, 33-3%). 


In 


the preparations described below, the distilled product was used without further purification. 
5-4’-Cyanophenoxyamyl Bromide.—1 : 5-Dibromopentane (37 g.), 4-cyanophenol (11-9 g.), sodium 


hydroxide (4 g.), and water (60 c.c.) were boiled under reflux for 6 hours, and 


described for the propyl homologue. The bromide (25 g.) distilled as a colourless oil, b. p. 156—158°/0-02 


mm., which solidified immediately; m. p. 60—62°. 


ethanol, m. p. 64° (Found: N, 5-1; Br, 30-1. 


the mixture worked up as 


It crystallised in white prismatic needles from 


C,,H,,ONBr requires N, 5-2; Br, 30-0%). 


6-4’-Cyanophenoxyhexyl Bromide.—1 : 6-Dibromohexane (39 g.) (Org. Synth., 20, 24), 4-cyanophenol 
(11-9 g.), sodium hydroxide (4 g.) and water (60 c.c.) were boiled under reflux for 12 hours. The 
bromide distilled as a colourless oil (16 g.), b. p. 160—162°/0-01 mm., which solidified on standing. It 
crystallised in thick colourless needles from methanol, m. p. 47—49° (Found: N, 4-9; Br, 28-4. 
C,3H,,ONBr requires N, 5-0; Br, 28-3%). 

The substituted 4 : 4’-dicyano-aw-diphenoxyalkanes (yields 55—65%) listed in Table I were prepared 
by the method described by Ashley e# al. (J., 1942, 103). 


TABLE I. 
Crystalline Found, Required, 
Compound. Solvent. form. M. p. Formula. %.. %. 

2’ . 2’-Difluoro-4’ : 4’’-di- HOAc Pale cream 209° C,,H,,0,N,.F, N, 89 9-0 
cyano-l : 3-diphenoxy- needles 
propane 

2’-Bromo-¢’ : 4”’-dicyano- ‘ig White 162—163 C,,H,,0,N,Br N, 7-8 7-9 
es 3-diphenoxypro ane needles Br, 22-2 22-4 

2’ ; 2”-Dibromo-4’ : 4’’-di- ss Long white 194 C,,H,,0,N,Br, Br, 36-6 36-7 
cyano-l : 3-diphenoxy- needles 
propane 

2’-Iodo-4’ : 4”’-dicyano- os Long white 164 C,7H,,0,N,I1 I, 31-2 31-4 
1 : 3-diphenoxypropane prismatic 

needles 
2’ : 2’’-Di-iodo-4’ : 4”-di- si White 194 C,7H,,0,.N,I, I, 47-6 47-9 
cyano-l : 3-diphenoxy- needles 
ropane 
2’ : 6’-Di-iodo-4’ : 4’’-di- a White 153 C,,H,,0,N,I N, 53 5-3 
1 12\“2*"2*3 
cyano-l : 3-diphenoxy- needles I, 47-8 47-9 
propane 

2’-Nitro-4’ : 4”’-dicyano- 50% Pale yellow 152 C,,H,;0,N; C, 63-0 63-2 

1 : 3-diphenoxypropane HOAc needles H, 41 4:0 
N, 13-0 13-0 

2’ : 2’”-Dichloro-4’ : 4’’-di- HOAc White 151 C,,H,,0,N,Cl, N, . 7:5 75 
cyano-] : 5-diphenoxy- prismatic Cl, 18-9 18-9 
pentane needles 

2’-Bromo-4’ : 4”-dicyano- is White 112 C,,H,,0O,N,Br_ Br, 20-7 20-8 
1 : 5-diphenoxypentane needles 

2’ : 2”-Dibromo-4’: 4’-di- 80% Long white 137 C,,H,,O,N,Br, Br, 34-4 34:5 
cyano-] : 5-diphenoxy- HOAc needles 
pentane 

2’-lodo-4’ ; 4”’-dicyano- EtOH White 100 C,,H,,0,N,1 N, 6:7 6-5 

1722 
1 : 5-diphenoxypentane needles I, 29-3 29-4 

= ° 2’’-Di-iodo- P4 4”’-di- Dil. HOAc White 137 C,,H,,0.N,I, N, 5-2 5-0 
cyano-1 ; 5-diphenoxy- needles I, 44-8 45-5 
pentane ? 

4’ : 4”-Dicyano-2’ : 2”-di- EtOH White 134 C,,H..0,N, C, 68-6 68-8 
methoxy-1 : 5-diphen- leaflets H, 56 6-0 
oxypentane N, 7:8 7-7 

2’ ; 2”-Dichloro-4’ : 4’’-di- CHCl, White 157—158 C,9H,,0,N,Cl, N, 7:1 7-2 
cyano-1: 6-diphenoxy- prisms 
hexane 

2’-Iodo-4’ : 4’”-dicyano- EtOH Large 124 Cy9H ,,0,N,I N, 6-4 63 
1 : 6-diphenoxyhexane white I, 28-2 28-2 

needles 

2’ : 2”-Di-iodo-4’ : 4’’-di- HOAc Large - 163 CyH,,0,.N,I, N, 5-0 4:9 
cyano-l : 6-diphenoxy- colourless I, 43-8 44-4 
hexane plates 

4’: 4”-Dibromo-2’ : 2”-di- COMe, Colourless 116—118 C,.H,,0,Br, C, 52-5 52-6 
methyl-1 : 6-diphenoxy- plates H, 51 5-3 
hexane Br, 34- 35-1 


2’ : 2’’-Dinitro-4’ : 4’’-dicyano-1 : 5-diphenoxypentane.—’ : 4’’-Dicyano-1 : 5-diphenoxypentane (20 g.) 





was added to fuming nitric acid (65 c.c.), with ice-cooling, during 5 minutes. After standing at 0° for 
10 minutes the solution was poured into ice-water (200 c.c.) and the precipitate was filtered off, washed 
with water, and crystallised (charcoal) from acetic acid. The dinitro-compound separated in creamy 
prisms (23-5 g.), m. p. 159°, identical with a sample prepared by the stan procedure (Found: C, 
57-5; H, 4:1; N, 14-2. C,9H,,0O,N, requires C, 57-6; H, 4-0; N, 14:2%). 
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4’ : 4’-Dibromo-2’ : 2’’-dimethyl-1 : 5-diphenoxypentane.—4-Bromo-o-cresol (Claus and Jackson, /. 
pr. Chem., 1888, 38, 324) was condensed with 1 : 5-dibromopentane by the standard procedure. The 
product crystallised in white needles from ethanol—benzene, m. p. 74° (Found: C, 51-8; H, 5-3; Br, 
36-7. C,,H,,0,Br, requires C, 51-6; H, 5-2; Br, 36-2%). 

4’: 4”-Dicyano-2’ : co tet : 5-diphenoxypentane—A mixture of 4’: 4’’-dibromo-2’: 2’-di- 


methyl-1 : 5-diphenoxypentane (14-6 g.), cuprous cyanide (7-5 g.), and pyridine (12 c.c.) was heated at 
195—205° for 5 hours. The cooled melt was crystallised from acetic acid and then from ethanol. The 
product separated in buff prisms from ethanol (8-2 g.), m. p. 142° (Found: C, 75-6; H, 6-7; N, 8-0. 
C,,H,,0, requires C, 75-5; H, 6-6; N, 8-1%). 

4’: 4’’- Dicyano-2’ : 2’’-dimethyl-1 : 6-diphenoxyhexane.—4’ : 4’’-Dibromo-2’ : 2’’-dimethyl-1 : 6-di- 
phenoxyhexane (4-5 g.), cuprous cyanide (2-2 g.), and dry —— (3 c.c.) were heated at 270° for } hour. 
The cooled melt was crystallised from acetic acid, and then from acetone-methanol. The product 
formed colourless nodules (1-7 g.), m. p. 143—144° (Found: C, 76-1; H, 7-0; N, 7-9. C,,H,,O,N, 
requires C, 76-0; H, 6-9; N, 8-0%). 

2-Nitro-4 : 4’-dicyanodiphenyl Ether.—Sodium de ne (2-2 g.), 4-bromo-3-nitrophenyl 
cyanide (3-4 g.) (Borsche, Stackmann, and Makaroff-Semljanski, Ber., 1916, 49, 2224), and ethanol 
(20 c.c.) were heated under reflux for 2-5 hours. The ether crystallised on cooling, and the large green 
crystals were filtered off, and washed with ethanol, water, and ethanol. It formed large pale yellow 
prisms from ethanol, m. p. 151° (Found: N, 15-8. C,,H,O,N; requires N, 15-8%). 

2-Amino-4 : 4’-dicyanodiphenyl Ether.—(a) 2-Nitro-4: gt rowan ether (9-5 g.) in boiling 
acetic acid (100 c.c.) was carefully treated with a hot solution of stannous chloride (50 g.) in 2N-hydro- 
chloric acid (50 c.c.). A vigorous reaction ensued and after addition was complete (0-25 hour) the 
solution was boiled for 5 minutes, cooled to 5—10°, and poured into excess of 50% aqueous sodium 
hydroxide at 10—15°. The base was filtered off, washed free from alkali, and dissolved in warm dilute 
hydrochloric acid (1:1). After treatment with charcoal, the solution was neutralised (Congo-red) with 
saturated sodium acetate, cooled in ice, and the white solid filtered off. It formed white needles from 
ethanol (4-1 g.), m. p. 160° (Found: N, 17-9 C,,H,ON, requires N, 17-8%). In some experiments, a 
sparingly soluble monoamide was obtained, and was separated from the required compound by fractional 
crystallisation from ethanol. It crystallised in white rhombs from ethanol, m. p. 168—170° (Found : 
C, 61-4; H, 41; N, 15-6. C,,H,,O,N, requires C, 61-5; H, 4-0; N, 15-4%). 

(b) The boiling acetic acid solution, prepared as in (a), was carefully treated with reduced iron 
powder (9-5 g.), whereupon a vigorous reaction ensued. Water (10 c.c.) was added during the reaction, 
and after addition of iron was complete (20 minutes), the solution was boiled for 5 minutes, filtered, and 

ured into water (11.). The pink solid was filtered off, and treated asin (a). It formed white needles 
6-2 g.) from ethanol, m. p. 160°. 

2-Chloro-4 : 4’-dicyanodiphenyl Ether.—2-Amino-4 : 4’-dicyanodiphenyl ether (2-8 g.) was added to 
hydrochloric acid (d 1-16; llc.c.). The pasty hydrochloride was added, all at once, to a mixture of ice 
(15 g.) and sodium nitrite (1-1 g.) in water (3 c.c.). After a few minutes, the resulting solution was 
added dropwise to a mechanically stirred solution of cuprous chloride (2-3 g.) in hydrochloric acid (d 1-16; 
8 c.c.) at 20—25°, and the mixture was then stirred at 90—95° for one hour. After cooling, the solid 
was filtered off, washed successively with water, 2N-sodium hydroxide, water, 2N-hydrochloric acid, 
and.water, and dried. The dark brown solid (2-5 g.) was sublimed at 140—150°/0-05 mm. and yielded 
the ether in white needles, m. p. 116—117°. It formed colourless prismatic needles (1-8 g.) from methanol, 
m. p. 118° (Found: N, 11-2; Cl, 13-9. C,,H,ON,Cl requires N, 11-0; Cl, 13-9%). 

2-Bromo-4 : 4’-dicyanodiphenyl Ether.—This was prepared similarly to the chloro-derivative 
(sublimation temperature 200—210°/0-04 mm.). It crystallised in white rhombs from methanol, m. p. 
124° (Found: N, 9-5; Br, 26:3. C,,H,ON,Br requires N, 9-3; Br, 26-7%). 

2-Iodo-4 : 4’-dicyanodiphenyl Ether.—2-Amino-4 : 4’-dicyanodiphenyl ether (6 g.) was added to 50% 
sulphuric acid (30 c.c.). The thick paste of sulphate was diluted with water (90 c.c.) and diazotised 
at 5—8° with sodium nitrite (9 g.) in water (30 c.c.). The mixture was treated at 5—10° with urea 
(9 g.) to remove excess of nitrous acid, and then with potassium iodide (6 g.) in water (60 c.c.). Next 
day the mixture was heated at 90° for 10 minutes, and the dark red solid collected. It was washed 
successively with water, 2N-sodium hydroxide, water, aqueous sodium thiosulphate, and water, and dried 
at 60°. The ether (6 g.) sublimed at 200—220°/0-1 mm., and crystallised in near-white rhombs from 
methanol (4-7 g.), m. p. 154° (Found: N, 8-1; I, 36-5. C,,H,ON,I requires N, 8-1; I, 36-8%). 

2 : 2’-Dinitro-4 : 4’-dicyanodiphenyl Ether.—4 : 4’-Dicyanodipheny] ether (10 g.) was added to fuming 
nitric acid (100 c.c.) with stirring and, after 2 hours, the solution was poured on ice, and the precipitate 
collected by filtration and washed with water. The ether formed large yellow prisms (10 g.) from acetic 
acid, m. p. 192° (Found: C, 54-1; H, 1-9; N, 17-9. C,,H,O,N, requires C, 54-2; H, 1-9; N, 18-0%). 
Fission with Da mg gave 2-nitro-4-cyanophenol, m. p. 145°, and N-(2-nitro-4-cyanopheny])piperidine, 
m. p. 111° (Borsche, Stackmann, and Makaroff-Semljanski, Joc. cit., give m. p. 110—111°). 

2 : 2’-Diamino-4 : 4’-dicyanodiphenyl Ether.—2 : 2’-Dinitro-4 : 4’-dicyanodipheny]l ether was reduced 
with iron in acetic acid. The diamino-ether formed golden needles from ethanol, m. p. 223—225° 
(Found: N, 22-3. C,,H,ON, requires N, 22-4%). 

2 : 2’-Di-iodo-4 : 4’-dicyanodiphenyl Ether.—This was p similarly to the monoiodo-compound 
(sublimation temperature 245—255°/0-05 mm.). It crystallised in near-white rhombs from methanol, 
m. p. 178° (Found: N, 6-0; I, 54-0. C,,H,ON,I, requires N, 5-9; I, 53-8%). 

4: 4° Dicyano-2-methoxydiphenyl Ethey.—A mixture of potassium 4-cyanoguaicoxide (16 g.) (Marcus, 
Ber., 1891, 24, 3654), 4-bromophenyl cyanide (32 g.) (Borsche, Stackmann, and Makaroff-Semljanski, 
loc. cit.), and ——- bronze (0-8 g.) was heated to 160°; an exothermic reaction occurred, the temperature 
rose to 200°, and the melt was heated for a further 3 hours at 160°. After cooling, the solid was ground 


with ether and water, and driedina vacuum. The ether sublimed at 260—280°/0-05 mm. and crystallised 
from 50% aqueous acetic acid in colourless rectangular plates (6 g.), m. p. 125—126° (Found: C, 71-8; 
H, 3-8; N, 11-0. C,,H»O,N, requires C, 72-0; H, 4-0; N, 11-2%). 

-dicyanodiphenyl Ether.—4 : 4’-Dicyano-2-methoxydiphenyl ether (2 g.) was added 


2-Hydroxy-4 : 4’ 
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Compound. 


Solvent. 


2’ :2’’-Difluoro-4’:4”- 2n-H,SO, 


diamidino-1 : 3-di- 
phenoxypropane 
disulphate 
2’-Bromo-4’ : 4”’-di- 
amidino-1 : 3-di- 
phenoxypropane 
dihydrochloride 
dihydrate 


2n-HCl 


2’ :2’’-Dibromo-4’:4”"- 0-5n-HCl 


diamidino-1 : 3-di- 
phenoxypropane 
dihydrochloride 

2’:2’’-Dibromo-4’:4”’- 
diamidino-1 : 3-di- 
phenoxypropane 
di-isethionate 

2’-Iodo-4’ : 4”’-di- 
amidino-1 : 3-di- 
phenoxypropane 
dihydrochloride 

2’-Iodo-4’ : 4’’-di- 
amidino-1 : 3-di- 
phenoxypropane 
di-isethionate 

2’ : 2’-Di-iodo-4’ : 4’’- 
di-amidino-1 : 3-di- 
phenoxypropane 
dihydrochloride 

2’ : 6’-Di-iodo-4’ : 4’’- 
diamidino-1 : 3-di- 
phenoxypropane 
dihydrochloride 
dihydrate 

2’-Nitro-4’ : 4’’-di- 
amidino-1 : 3-di- 
phenoxypropane 
dihydrochloride 
monohydrate 


EtOH 


2n-HCl 


EtOH 


n-HCl 


0-5n-HCl- 


MeOH 


2n-HCl 


2’ :2’’-Dichloro-4’ :4’’-- MeOH- 


diamidino-1 : 5-di- 
phenoxypentane 
dihydrochloride 
2’-Bromo-4’ ; 4’’-di- 
amidino-1 : 5-di- 
phenoxypentane 
dihydrochloride 


COMe, 


2n-HCl 


2’ :2’’-Dibromo-4’ :4”- MeOH- 


diamidino-1 : 5-di- 
phenoxypentane 
dihydrochloride 
2’-Iodo-4’ : 4’’-di- 
amidino-1 : 5-di- 
phenoxypentane 
dihydrochloride , 


2’ : 2”-Di-iodo-4’ : 4”’- 


di-amidino-1 : 5-di- 
phenoxypentane 
dihydrochloride 

2’ : 2”-Dinitro-4’ : 4’’- 
diamidino-1 : 5-di- 
phenoxypentane 
dihydrochloride 
monohydrate 

4’ ; 4”-Diamidino- 
2’ : 2’’-dimethoxy- 
1; 5-diphenoxy- 
pentane dihydro- 
chloride 


HCl 
(d 1-16) 


H,O 


n-HCl 


MeOH- 
COMe, 


2n-HCl 


Berg and Newbery : 


TABLE II. 
Crystalline ; 
form. M. p.* Formula. 
White 256° C,,H,,0,N,F,,2H,SO, 
needles 
White 237 C,,H,,0,N,Br,2HCl,2H,O 
needles 
White 308— C, 7H,,0,N,Br,, 2HCl 
needles 309 
Colourless 226¢ C,,H,,0,N,Br,2C,H,O,S 
prismatic 
needles 
White 274 C,,H,,0,N,1,2HCl 
prisms 
prisms 152 
White 302 C,,H,,0,N,I,,2HCl 
prismatic 
needles 
plates 196 
Pale 240 C,,H,,0,N;,2HCl,H,O 
yellow 
needles 
White 260° C,,H,,0,N,Cl,,2HCl 
prisms 
‘ White 241 C,,H,,0,N,Br,2HCl 
prisms 
White 264 C,,H,,0,N,Br,,2HCl 
prisms 
White 253— C,,H,,0,N,I,2HCl 
prisms 254 
needles 277 
Yellow 270 C,9H,,0,N,,2HC1,H,O 
prisms 
White 251 C,,H,,0,N,,2HCl 
prisms 


* All with decomposition except those marked f. © 


Re- 


Found, quired, 
‘o- 


‘o° 


C, 37-4 

H, 3-2 
N, 10:3 
N, 9-1 
H,O, 7-0 
N, 10-4 
Cl, 13-2 
N, 7-9 
Br, 22-1 
N, 10-8 
N, 8-3 
I, 18-0 
N, 8-7 
N, 8-2 
H,O, 5-5 
N, 15-7 
H,0, 3-8 
N, 11:5 
N, 11-4 
N, 9-9 
N, 106 
Ci, 13-5 
N, 8-2 
N, 16-1 
H,O, 3-6 
N, 11:8 
Cl, 15-2 


11-6 


9-9 
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TABLE II.—continued. 


Re- 
Crystalline Found, quired, 
Compound. Solvent. form. M. p.* Formula. %. 6. 
4’ : 4”-Diamidino- MeOH- White 303— C,,H,,0,N,,2HCl N, 128 12-7 
2’ : 2’’-dimethyl- COMe, prisms 304 Cl, 16-0 16-1 


1 : 5-diphenoxy- 
pentane dihydro- 


chloride 

2’ :2”-Dichloro-4’:4”- 2n-HCl White 274  CyH,,0,N,Cl,,2HC1,4H,O N, 11-1 = 11-1 
diamidino-1 : 6-di- needles Cl, 27-9 28-0 
phenoxyhexane 
dihydrochloride 
hemihydrate 

2’-Iodo-4’ : 4’’-di- 2n-HCl Silver 242 CyH,,0,N,1,2HCl N, 99 10-1 
amidino-1 : 6-di- plates I, 23-1 23-0 
phenoxyhexane 
dihydrochloride 

2’ : 2”-Di-iodo-4’ : 4”- 0-ln-HCl White 266 CypH,,0,N,1,,2HC1 N, 8-1 8-3 
diamidino-1 : 6-di- needles: I, 37:2 37-4 
phenoxyhexane 
dihydrochloride 

4’ ; 4”-Diamidino- 2n-HCl Buff 296— C,,H,,0,N,,2HCl N, 12-2 12-3 
2’ 2”-dimethyl- plates 298 Ci, 15:7 156 
1 : 6-diphenoxy- 
hexane dihydro- 
chloride 

2-Chloro-4 : 4’-di- 6n-HCl1 White 283— C,,H,,ON,C1,2HCI,H,O N, 153 15-1 
amidinodiphenyl needles 284 Cl (ionised) 
ether dihydro- 19-1 19-0 
chloride mono- ‘ Cl, 284 28-0 
hydrate 

2-Bromo-é4 : 4’-di- n-HCl White 210— C,,H,,ON,Br,2HC1H,O N, 13-3 13-2 
amidinodiphenyl prisms 211 Cl, 16:7 16-7 
ether dihydro- 
chloride mono- 
hydrate 

2-Iodo-4 : 4’-diamid- 2n-HCl White 254 C,,H,,ON,1,2HCl Cl, 15:6 15-7 
inodiphenyl ether prismatic N, 123 12-4 
dihydrochloride needles 

2 : 2’-Di-iodo-4 : 4’- n-HCl White 305— C,,H,,ON,I,,2HC1 N, 96 9-7 
diamidinodiphenyl prisms 306 t I, 438 43-9 
ether dihydro- 
chloride 
inodiphenyl ether prisms Cl, 19:5 196 
dihydrochloride 

2-Amino-4 : 4’-di- 2n-HCl White 264 C,,H,,ON,,2HCl N, 20-4 20-5 
amidinodiphenyl prisms Ci, 21-1 213 
ether dihydro- 
chloride 

2-Hydroxy-4: 4’-di- EtOH- White 259— C,,H,,0,N,,2HC13H,O N, 141 141 
amidinodiphenyl HCl needles 260 Ci, 176 17:8 
ether dihydro- 


chloride trihydrate 


to a solution of aluminium chloride (10 g.) in anhydrous nitrobenzene (50 c.c.). The mixture was stirred 
at 55° for 7 hours, and the cooled solution poured on ice. The nitrobenzene layer was separated, washed 
with water, and extracted twice with dilute sodium hydroxide. The alkaline solution was washed with 
chloroform and acidified with hydrochloric acid (d 1-16). The pink solid was filtered off and washed with 
water, the ether - tallising from 50% aqueous acetic acid in colourless plates (1 g.), m. p. 201° (Found : 
C, 71-2; H, 3°5; ’ 12-1. C,,H,O,N, requires C, 71-2; H, 3-4; N, 11-9%). 

The general procedure for the preparation of the diamidines was that used by Ashley et al. (J., 1942, 
103). In this way the products listed. in Table II were obtained. 

2’ : 2’’-Diamino-4’ : 4’’-diamidino-1 : 5-diphenoxypentane. —2’ : 2’’-Dinitro-4’ : 4’’-diamidino-1 : 5-di- 

henoxypentane dihydrochloride (6-5 g.) in warm water (70 c.c.) was rendered faintly alkaline to 

itmus with 15% aqueous ammonia (3-0 c.c.) and the solution was hydrogenated in presence of Raney 
nickel (1 g.) at 25—50° under 20 atm. Reduction was complete in 15 minutes and, after cooling and 
removal of the catalyst, the filtrate was concentrated under reduced pressure to 30 c.c., crystallisation 
then occurring. After addition of acetone the crystals were collected and crystallised from water. The 
dihydrochloride dihydrate oupeaeiet in pale buff plates (2-8 g.), m. B; 247—248° (decomp.) (Found: N, 
17-6; Cl, 14-8. C,,H,,.0, ¢ 2HC1,2H,O requires N, 17:5; Cl, 14: %). 


Attempted Demethylation of 4’ : 4’’-Dicyano-2’ : 2’’-dimethoxy-1 : 5-diphenoxypentane.—(a) The dicyano- 
compound (2 g.) was added to a solution of aluminium chloride (20 g.) in anhydrous nitrobenzene(100 c.c.). 
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The mixture was stirred at 55° for 7 hours, solution then being nearly complete. The cooled mixture 
was filtered and poured on ice. The insoluble material (0-3 g.) was unchanged starting material. The 
nitrobenzene layer was separated, washed with brine, and extracted with dilute sodium hydroxide. The 
alkaline solution was washed with chloroform and acidified with hydrochloric acid (d 1-16). After 
saturation with sodium chloride, the solution was extracted with chloroform. The extract yielded 
4-cyanocatechol (1 g.), white needles, m. p. 151—153°, identical with an authentic specimen. 

(b) A mixture of the dicyano-compound (2 g.), and pyridine hydrochloride (12 g.) was heated at 
180—190° for 5 hours, then poured into water (50 c.c.); some unchanged material (0-8 g.) separated. 
The filtrate when treated as in (a) gave 4-cyanocatechol (0-6 g.), m. p. 151—153°. 

(c) Method (b) was repeated but with molecular proportions; unchanged material (1-6 g.) and 
4-cyanocatechol (0-2 g.) were obtained. ; 


Thanks are due to Mr. R. F. Collins for assistance in some of the preparative work; to Mr. S. Bance, 
B.Sc., A.R.1.C., for the many semi-microanalyses; to Dr. J. N. Ashley for his interest; and to the 
Directors of May and Baker Ltd. for permission to publish the results. 


RESEARCH LABORATORIES, MAY AND BAKER LTD., DAGENHAM. (Received, July 15th, 1948.] 





139. Search for New Analgesics. Part III. Homologues of Amidone, 
isoAmidone, and Some Related Compounds. 


By E. Watton, P. OFNER, and R. H. THorp. 


In view of the established value of ‘‘ Amidone”’ (III; R = COEt) as an analgesic, four 
series of related ketones (types III, IV, V, and VI, where R = COAIk or COAr) have been 
" ngere by condensing diphenylmethyl cyanide with a chloro-base, and treating the resulting 

asic cyanides with Grignard reagents. In addition, the cyanide (III; R = CN) was resolved 
by means of tartaric acid, and from the optically active isomers (+)- and (—)-amidone were 
obtained. Amides, acids, esters, and alkanes of types (III and VI; R = CO-NH,, CO,H, 
CO,Alk, and H, respectively) have also been prepared. 

These compounds have been tested for analgesic and respiratory depression activities. 
These two properties generally remain associated but not always in the same ratio, maximal 
activity being attained in the ethyl ketones in all four series described. 


AMIDONE (III; R = COEt) was synthesised by I.G. workers during the last war (Report 
No. P.B. 981, Office of the Publication Board, Washington, D.C., p. 84) and is now established as 
an analgesic with an activity similar to that of morphine. Some 27 related compounds were 
mentioned in the same report (p. 87), many of which also showed considerable activity. Thus 
it is clear that the discovery of amidone opens up a new field in the search for synthetic 
analgesics. Such a search should not only be of theoretical interest, but may be of great practical 
value in producing a drug free from the side-effects still found in amidone. 

The present communication describes the preparation and testing of several series of 
amidone-type compounds, some of which have already been referred to in preliminary com- 
munications (Nature, 1947, 159, 679; 160, 605). Condensation of diphenymethyl cyanide with 
the chlorodimethylaminopropane from either 2-dimethylaminopropan-l-ol (I; X = OH), or 
1-dimethylaminopropan-2-ol (II; X = OH), gave a mixture of cyanides (III; R = CN) and 
(IV; R = CN) by a reaction that has already been discussed by Schultz et al. (J. Amer. Chem. 
Soc., 1947, 69, 188, 2454) and by Brode and Hill (1bid., p. 724). 


CH,CH(NMe,)"CH,X CH,CHX-CH,-NMe, R-CPh,CH,-CHMe‘NMe, R-CPh,-CHMe-CH,"NMe, 
(I.) (II.) (III.) (IV.) 


In accordance with the results of Schultz et al. (J. Amer. Chem. Soc., 1948, 70, 48), the 
hydrochlorides of the chlorodimethylaminopropanes (I and II; X = Cl) were found to have 
different physical properties. On the other hand, the hydrochloride of (I) could be readily 
converted into that of (II) by heat treatment, but there was no evidence that this reaction was 
reversible. 

Reaction of the cyanide (III; R = CN) with the appropriate Grignard reagent yielded the 
corresponding methyl, ethyl, n-propyl, isopropyl, butyl, phenyl, and benzyl ketones (III; 
R = COMe, COEt, COPr®, COPri, COBu, COPh, CO*CH,Ph, respectively). The corresponding 
ketimines were not encountered as intermediates during the preparation of these ketones, 
except in the case of the isopropyl and the phenyl ketone. In the latter case the ketimine was 
isolated as a stable crystalline monohydrochloride (III; R= CPh:NH). [The ketimine (III; 
R = CEt:NH) corresponding to amidone has also been isolated as picrate by Easton, Gardner, 
Evanick, and Stevens (J. Amer. Chem. Soc., 1948, 70, 76), but only by using specially mild 
conditions for the decomposition of the reaction product.] 
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Similarly, the cyanide (IV; R = CN) reacted with Grignard reagents to give the methyl, 
ethyl, propyl, and isopropyl ketones (IV; R = COMe, COPr®, and COPr', respectively). In 
this series there was clear evidence of the formation of stable intermediate ketimines (isolated as 
methiodides * in the case of IV; R = CMe:NH and CEt:NH), probably owing to the steric 
hindrance effect of the 2-methyl group. The Grignard reaction products were therefore in 
all cases decomposed by acid hydrolysis. In this way isoamidone was obtained without 
difficulty in the form of hydrochloride, hydrobromide, hydriodide, nitrate, and methiodide (cf. 
Easton e? al., loc. cit.). 

In view of its importance as an analgesic, the resolution of amidone was attempted by 
means of a variety of optically active acids, but without marked success. With p-tartaric acid 
it formed a diastereo-compound, (-+-)-amidone hydrogen p-tartrate (Thorp, Walton, and Ofner, 
Nature, 1947, 160, 605; cf. Brode and Hill, J. Org. Chem., 1948, 18, 191). The penultimate 
cyanide (III; R = CN), on the other hand, was readily resolved by means of p-tartaric acid, 
and from the resolved cyanides (-++-)- and (—)-amidone were prepared without difficulty. The salts 
of the optically active cyanides have anomalous rotations in water, but otherwise the cyanide and 
amidone bases, and their salts, all show normal rotations (Thorp, Walton, and Ofner, loc. cit.). 

In addition to the compounds of types (III) and (IV), two further series of ketones (V; 
R = COMe, COEt, COPr, COPr') and (VI; R = COMe, COEt, COPr, COPh) have been prepared 
from the corresponding cyanides in a similar way. A few of these ketones have already been 


(V.) R-CPh,CH,°CH,-NMe, R-CPh,CH,CH,-NC,H,, (VI.) 


referred to elsewhere (e.g., B.I.0.S. Final Report No. 116, Item No. 24, pp. 51, 65; Report 
No. P.B. 981, loc. cit.), but they were prepared again in view of the importance of comparing a 
complete series by a standardised pharmacological procedure. 

In the course of this work the cyanides (III, IV, and VI; R= CN) were selected for 
hydrolysis, etc.; (III and VI; R= CN) were readily converted by means of sulphuric acid 
through the amides into the corresponding carboxylic acids, which were then treated with either 
diazomethane or diazoethane to give esters, but prolonged treatment of the nitrile (IV; R = CN) 
with 50% v/v sulphuric acid failed to give the corresponding amide or acid. With hydrobromic 
acid under pressure, however, this cyanide yielded the pyrrolidone (VII), while the isomeric 
pyrrolidone (VIII) was obtained on treatment of the acid (III; R = CO,H) with thionyl chloride. 


Compounds (VII) and (VIII) had similar properties and identical melting points, but their 
mixture showed a marked depression. 


CHMe-CH, H,—CHMe 
(VII.) Ph CK Ph, (VIII.) 
CO——NMe CO—NMe 


The resistance of the cyanide (IV), compared with that of (III), to sodamide and hydrolytic 
agents, and the stability of the ketimines obtainable from it by reaction with Grignard reagents 
may be taken as evidence that in this case the C-methyl group causes appreciable steric 
hindrance. 

The carboxylic acids (III and VI; R = CO,H) readily lost carbon dioxide at moderate 
temperatures to give the corresponding substituted butane and propane (R = H), both of which 
show antihistaminic activity (Report No. P.B. 981, idem, p. 38). The same two alkanes were 
obtained by direct elimination of the cyano-group from the corresponding nitriles with sodamide, 
but attempts to obtain the isobutane from the cyanide (IV; R = CN) by a similar reaction were 
unsuccessful. 

Preliminary attempts to condense 1: 1-diphenylbutan-2-one (prepared from dipheny]l- 
acetonitrile and ethylmagnesium bromide) with 2-chloro-l-dimethylaminopropane, with a view 
to obtaining amidone, were likewise unsuccessful. 

Pharmacological Results—The compounds described have been tested pharmacologically in 
a preliminary manner by the methods already published (Thorp, Brit. J. Pharmacol., 1946, I, 
113) and the results are shown in the table. It will be seen that : 

1. Respiratory depression and analgesic action always occur together. 

2. Analgesic activity in each of the series examined shows sharp maxima with the ethyl 
ketone compounds, but is much less in the higher and lower analogues. It is surprising to note 
that, whereas the propyl ketone corresponding to amidone is depressant and poorly analgesic, 
the isopropyl analogue is a convulsant drug and shows no analgesic properties. In the 

* That these derivatives are methiodides of the ketimines and not hydriodides of (IV; 


R = CMe:NMe and CEt:NMe, respectively) follows from their stability in dilute alkali. 
TT 
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isoamidone series of analogues both the propyl and the isopropyl ketones are powerful convulsant 
drugs. It is also noteworthy that isoamidone is less depressant than amidone. 

3. In the piperidinoethyl and amidone series, such esters as have been examined show 
analgesic activity of the same order as the corresponding ketones. 

4, In no case has significant analgesic activity been shown with the penultimate cyanides. 


Pharmacological results. 





Analgesic Toxic 
activity Resp. Approx. concn. on 
(morphine = 1 depress. L.D. 50, isolated 
at a dose of activity I.V., mice, rabbit 
Salt. 3 mg./kg.). (morphine = 1). mg./kg. heart. 
Compound (III): R = 
GEE cessacssncovece HCl 0-05 Nil 35 ro 
COEt HCl 1-3 1-4—2-0 24-2(21—28) * 1 : 100,000 
PEO asssncdnsninece Mel Nil Nil 10 oo 
(+)-COEt ......... HCl Nil <0-1 29-9(27—33) * 1 : 100,000 
—)-COEt ......... HCl 2-2 2-7—3°3 26-0(23—30) * 1: 100,000 
. fee HBr 0-1 0-1—0-2 25 1: 50,000 
Sg rer HNO, Nil Stimulant 45 — 
RIE: incascenccseass HCl 0-05 Nil 20 1 : 100,000 
CREE siccssscesss HCl Nil Nil 30 — 
CI. Sastsciccsnsres HBr Nil Nil 40 — 
COCHPR. ncessvese HCl <0-1 Nil 7 1 : 500,000 
didoxnnnnesuniewes HCl Nil Nil 45 1 : 200,000 
CONE g  sasceccecece HCl Nil Nil 55 ee 
MPER tstecncccaceiss H,SO, Nil Nil 250 1: 10,000 
GIO crccescccscsccs HBr 0-2—0-25 0-5 26 1 : 100,000 
CREUIEE setecsencscessa HBr 0-2 0-2 40 _ 
BE abccccesesvensosasens HBr 0-1—0-3 0-1—0-2 20 1: 100,000 
Pyrrolidone (VIII) f =o 0-3—0-4 —- 15 nin 
Compound (IV): R= 
0-1—0-2 0-2—0-2 60 1: 100,000 
1-0—1-2 0-5—0-7 40 — 
Nil Stimulant 12 1 : 200,000 
Nil Stimulant 30 1 : 200,000 
Nil nH 60 1: 100,000 
Nil — 16 sit 
0-1—0-2 0-2 70 -- 
0-5 0-5—0-7 45 — 
Nil <0-1 50 — 
Nil <0-1 65 _ 
Nil 0-2 12 1 : 200,000 
0-3—0-4 0-5 20 _ 
0-15—0-2 0-2 18 1 ; 200,000 
0-1—0-15 — 16 1 : 200,000 
0-05—0-1 Nil 50 
0-1 oo 30 1 : 40,000 t¢ 
— —_ 175 1: 2,500 
0-5 1-0 20 — 
0-5 0-5—0-7 15 1: 100,000 
Nil Slightly 25 1 : 200,000 
stimulant 


* More accurate estimate of L.D.50 together with limits (P = 0-95) in parentheses. 
¢ Produced marked coronary constriction at concentrations between 1 : 100,000 and 1 : 40,000. 
} The discrepancy between the activities of these two pyrrolidones is being further examined. 


EXPERIMENTAL. 


1-Chloro-2-dimethylaminopropane (I; X = Cl).—The corresponding propanol (I; X = OH) (b. p. 
145—148°; 32 g.), prepared by reduction of ethyl a-dimethylaminopropionate (Karrer, Helv. Chim. Acta, 
1922, 5, 477), was run into thionyl chloride (46 ml.) and chloroform (120 ml.), and the mixture 
subsequently warmed for 3 hours to remove the gases formed. The chloroform was removed under 
reduced pressure and the residual semi-solid hydrochloride of (I; X = Cl) washed out with acetone— 
ether. It crystallised from acetone in broad deliquescent needles, m. p. 101—102° (Found: N, 8-98; 
Cl, 44-8. Calc. for C,H,,NC1,HCl: N, 8-85; Cl, 44-9%). 

2-Chloro-1-dimethylaminopropane (II; X = Cl).—(a) The corresponding propanol (II; X = OH), 
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b. p. 122—124°, prepared from propylene oxide and dimethylamine (cf. Goldfarb, J. Amer. Chem. Soc., 
1941, 68, 2280) and treated as described above for the isomeric alcohol, gave the hydrochloride of 
(II; X = Cl), which crystallised from a ‘eor~d large volume of acetone in long silky needles, 
m. p. 190—191° (Found : N, 8-95; Cl, 44-9. c. for C;H,,NCI,HC1: N, 8-85; Cl, 44-9%). 

(b) 1-Chloro-2-dimethylaminopropane hydrochloride (m. p. 100—101°; 5g.) was stirred in a test-tube 
immersed in an oil-bath at 140—160°. After 3 minutes the resulting solid was washed out with acetone 
and crystallised from the same solvent to give a hydrochloride (2-7 g.), m. p. 189—190°, identical with 
that obtained by process (a). This higher-melting hydrochloride (2 g.) was heated at 190—200° until 
molten. Lixiviation with acetone led to the recovery of unchanged material (1-1 g.), but no lower- 
melting isomer could be recovered from the mother-liquors. 

Diphenylmethyl Cyanide.—This was prepared in good yield by dehydration of diphenylacetamide 
(Neure, Annalen, 1889, 250, 141). 

1 : 1-Diphenylbutan-2-one.—Diphenylacetonitrile (75 g.) in xylene (75 ml.) was added to the Grignard 
reagent (3 mols.) from magnesium (28 g.), ethyl bromide (127 g.) and dry ether (300 ml.), and the mixture 
heated on the steam-bath, the ether being removed at the same time by distillation. After 1 hour the 
reaction mixture, which now contained a solid adduct, was decomposed with dilute hydrochloric acid and 
extracted with ether. The ethereal extract on distillation gave a fraction (60-4 g.), b. p. 163—167°/4 mm., 
which contained 1-7% of nitrogen, indicating the presence of unchanged nitrile. It was therefore 
refluxed with 50% v/v sulphuric acid (100 ml.) for 4 hour, made alkaline with sodium hydroxide, and 
extracted with ether. The extract now gave a nitrogen-free fraction, b. p. 155—158°/4 mm., consisting 
of 1 : 1-diphenylbutan-2-one (Found: C, 85-7; H, 7-0. Calc. for C,,H,,0: C, 85-7; H, 7°1%), which 
yielded an oxime, crystallising from ethyl alcohol in cubes, m. p. 119° (Found: N, 6-00. Calc. for 
C,,.H,,ON: N, 586%) (Maxim, Ann. Chim., 1928, 9, 55, J nenes m. p. 110°), and a semicarbazone from 
the same solvent as elongated prisms, m. p. 195—196° (cf. Orékhoff, Bull. Soc. chim., 1919, 25, 182). 

Derivatives of 3-Dimethylamino-1 : 1-diphenyl-n-butyl Cyanide (III; R = CN).—The mixture of 
isomeric cyanides (III and 1V; R = CN) (26 g.) obtained by the German process (Report No. P.B. 981, 
p. 97) was crystallised from light petroleum (b. p. 60—80°) to give the cyanide (III; R = CN) (13-5 g.) 
as needles, m. p. 90—91°. It formed: (a) a hydrochloride, crystallising from alcohol—ether in slender 

risms, m. p. 181—183° (Found: N, 9-10; Cl, 11-3. C,,H,,.N,,HCl requires N, 8-90; Cl, 11-3%); 
b) a Aydrobromide, crystallising from either water or alcohol-ether in needles, m. p. 175° (Found: Br, 
22-2. C,,H,.N,,HBr requires Br, tea (c) a hydriodide, cream-coloured tablets, m. p. 203—204°, 
from either water or alcohol (Found: I, 32-0. C, .H,.N,,HI requires I, 31-3%); (d) a nitrate, rhombs, 
m. p. 168—170° (decomp.), from alcohol (Found: N, 12-2. C, sH,,N,,HNO, requires N, 12-3%); 
(e) a methiodide, needles, m. p. 238—246°, from water (Found : N, 6-65. eH sN,I requires N, 6-66%). 
3-Dimethylamino-1 : 1-diphenyl-2-methyl-n-propyl Cyanide (IV; R= CN ).—The petrol mother- 
liquors, obtained after separation of the above cyanide (III; R = CN), were evaporated, and the 
residual basic oil treated with 40% hydrobromic acid. The resulting lower layer, consisting of hydro- 
bromide, was separated and warmed with half its volume of methyl ethyl ketone. The semi-solid mass 
obtained on cooling was filtered, and the resulting hydrobromide (17-5 g.) recrystallised from alcohol-ether 
in hexagonal leaflets (14 g.), m. p. 223—-224° (Found: N, 7-64; Br, 22-1. C,.H,,N,,HBr requires N, 
7-80: Br, 22-3%). The base from this hydrobromide formed silky needles, m. p. 68—69° (cf. Schultz, 
Robb, and Sprague, J. Amer. Chem. Soc., 1947, 69, 188). The hydrochloride crystallised from alcohol— 
ether in brilliant prisms, m. Bj 224—-225°, very soluble in water (Found: N, 8-84; Cl, 11-3. 
C,,H..N,,HCl requires N, 8-90; Cl, 11-3%). The hydriodide tallised from water in leaflets, and from 
alcohol in needles, m. p. 212—213° (Found: N, 7-0; I, 30-5. C, .H,,N,,HI requires N, 6-90; I, 31-3%); 
the nitrate from alcohol-ether in hexagonal leaflets, m. p. 178° (decomp.) (Found: N, 12:3. 
C,,H.N,,HNO, requires N, 12-3%); the hydrogen v-tartrate (unresolved oo ee from 
acetone in rectangular prisms, m. Pp: 88—98°, very soluble in water (Found: N, 6-48. C,,H,.N,,C,H,O, 
requires N, 6:54%), and the methiodide from alcohol in needles, m. p. 235--245° (Found: N, 6-68: 
I, 29-8. CygH,,Ngl requires N, 6-7; I, 30-2%). 

5-Dimethylamino-3 : 3-diphenylhexan-2-one (III; R = COMe).—The cyanide (III; R = CN) (5 g.) 
dissolved in dry xylene (20 ml.) was added to the Grignard reagent from magnesium (1-3 g.), methyl 
iodide (7-7 g.), and ether (15 ml.). The mixture was heated first on the steam-bath for 2 hours (the ether 
being allowed to evaporate) and then on a sand-bath for the same period. Considerable stan pre ewe 
occurred. The product was decomposed with dilute hydrochloric acid, and the aqueous layer (which 
contained oily hydriodides) extracted with ether. The —— layer (plus unextractable oil) was now 
made alkaline with sodium hydroxide solution, and the oil extracted with ether from the magnesia gel. 
The ether was removed, the residue dissolved in dilute hydrochloric acid, and the filtered solution 
evaporated to dryness and treated with alcohol-ether. A solid hydrochloride, crystallising from alcohol— 
ether in minute rhombs, m. p. 185—187°, and very soluble in water, was eventually obtained (Found : 
N, 4:68; Cl, 10-7. Cy9H,,ON,HCl required N, 4-22; Cl, 10-7%). The oily base from a similar 
— gave a hydrobromide, which crystallised from water in rhombs and from alcohol-ether in 

exagonal needles, m. Pp. 193—195° (Found: Br, 20-7. CyH,,ON,HBr requires Br, 21-3%). The 
hydriodide crystallised from water or alcohol-ether in hexagonal leaflets, m. p. 180—182° (Found : 
I, 29-8. C9H,,ON,HI requires I, 30-2%). The free base, obtained from the hydrobromide, crystallised 
from alcohol—water in hexagonal needles, m. p. 72—73°, soluble in cold light petroleum (Found : N, 5-12. 
C,,H,,ON requires N, 474%). 

Derivatives of 6-Dimethylamino-4 : 4-diphenylheptan-3-one (‘‘ Amidone’’) (III; R = COEt).—The 

base, prepared by a similar method to that described in Report P.B. 981, p. 97, crystallised from light 
troleum (b. p. 60—80°) in hexagonal needles, m. p. 80—-82°. In addition to the hydrochloride and 
ydrobromide, it gave a hydriodide as tablets, m. p. 198—199°, from water (Found: N, 3-20; I, 29-1. 
C,,H,,ON,HI requires N, 3-20: I, 29-1%); a nitrate as prisms, m. p. 108—110° (decomp.), from water 
— : N, 8-18. C,,H,,ON,HNO, requires N, 7-53%), and a methiodide as rhombs, m. p. 168—170°, 
rom alcohol-ether (Found : N, 3-27; I, 28-1. Call I = N, 3-10; I, 28-2%). 
7-Dimethylamino-5 : 5-diphenyloctan-4-one (III; R = COPr).—The cyanide (III; R = CN) (5g.) in 
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xylene (20 ml.) was caused to react with the Grignard reagent from magnesium (1-3 g.), »-propyl iodide 
(9-2 g.), and ether (15 ml.), as described above for the methyl ketone (III; R = COMe). The product 
was decomposed with 10% sodium hydroxide, and the xylene removed in a vacuum. The oil was 
extracted from the gelatinous mixture with ether and worked up in two ways : (a) A portion was dissolved 
in dilute hydrochloric acid, and the aqueous solution evaporated to dryness. Treatment of the residue 
with alcohol-ether gave the hydrochloride as a deliquescent solid, which was readily converted directly 
into the nitrate, which crystallised from alcohol—ether in hexagonal prisms, m. p. 95—97° (Found: N, 
7°43. C,,H,,ON,HNO, requires N, 7-25%). This salt showed maximal solubility in tepid rather than 
boiling water. (b) A portion, treated with dilute colourless hydriodic acid, gave the hydriodide as a 
sticky solid, which crystallised from alcohol-ether in leaflets, m. p. 155—157° (Found : N, 3-44; I, 28-2. 
C,,H,,ON,HI requires N, 3-10; I, 28-2%). It separated from water as an oil. The hydrobromide, from 
the regenerated base, crystallised from alcohol-ether in rhombs, m. p. 87—89°, very soluble in alcohol 
alone (Found: Br, 19-3. C,,H,,ON,HBr requires Br, 19-8%). 

' 6-Dimethylamino-4 : 4-diphenyl-2-methylheptan-3-one (III; R = COPr').—The cyanide (III; 
R = CN) (15 g.) in xylene (15 ml.) was added to isopropylmagnesium bromide (4 mols.) in ether (60 ml.), 
and the mixture warmed at 100° for 4 hours, the ether being allowed to evaporate. [Early experiments 
had indicated that prolonged reflux at the b. p. of xylene led to formation of the butane (VII; R = H), 
see below.] The product was decomposed with water, made strongly alkaline with sodium hydroxide 
solution, evaporated to dryness at 50—70° in a vacuum, and extracted with ether. Evaporation of the 
ethereal extract gave a basic oil which, on account of its high solubility in hydrobromic acid, appeared to 
be the intermediate ketimine. After being refluxed with 20% hydrobromic acid for 2 hours, it formed 
a less soluble oily hydrobromide, from which the base was isolated and distilled to give the impure 
isopropyl ketone (III; R = COPr') (10-1 g.), b. p. 176—186°/4 mm. The nitrate crystallised from 
alcohol-ether in slender prisms, m. p. 116—118° (Found: N, 7:29. C,,H,,ON,HNO, requires N, 7-25%). 

2-Dimethylamino-4 : 4-diphenylnonan-5-one (III; R = COBu).—The cyanide (III; R = CN) (5 g.) 
was condensed with the Grignard reagent from n-butyl iodide (10 g.), as described for the hexanone, and 
the mixture refluxed until the formation of grey adduct was complete (about 5 hours). Decomposition 
with dilute hydrochloric acid gave the crude hydriodide as an oil, which on being washed with ether 
yielded a yellow solid. The latter, after several crystallisations from alcohol-ether, gave plates, m. 
140—143° (Found: I, 27-8. C,;H;,ON,HI requires I, 27-3%). The base isolated from the crude 
hydriodide gave (all from alcohol-ether) : a hydrochloride, minute plates, m. p. 83—86°, very soluble in 
water (Found: N, 4-00; Cl, 9-32. C,;H,;,ON,HCl requires N, 3-75; Cl, 950%); a hydrobromide, 
plates, m. p. 103—105° (Found: N, 3-55; Br, 18-9. C,;H,;,ON,HBr requires N, 3-35; Br, 19-1%); 
and a nitrate, prisms, m. p. 77—78° (Found : N, 7-3. C,3;H;,ON,HNO, requires N, 7-0%). 

henyl 3-Dimethylamino-1 : 1-diphenyl-n-butyl Ketone (III; R= COPh).—The cyanide (III; 
R = CN) (15 g.) was combined with phenylmagnesium bromide (3 mols.) in ether (40 ml.), and the 
product worked up as described for the isopropyl ketone. The basic oil (12 g.), purified through 
hydrochloric acid solution, gave the ketimine (III; R = CPh°NH) hydrochloride, which crystallised from 
methyl ethyl ketone in needles, m. p. 136—137° (Found: N, 6-5; Cl, 9-0. C,;H,,N,,HCl requires 
N, 7-1; Cl, 91%). A solution of the crude ketimine base in excess of 20% hydrobromic acid after 
2 hours’ refluxing gave the ketone (III; R = COPh) hydrobromide as an oil, which crystallised from 
alcohol-ether in plates, m. p. 181—183° (Found: N, 3-3; Br, 18-2. C,,H,,ON,HBr requires N, 3-2; 
Br, 18:2%). The hydrochloride crystallised from methy] ethyl ketone in cubes, m. p. 197—198° (Found : 
N, 3-46; Cl, 9-0. C,,H,,ON,HCI requires N, 3-55; Cl, 9-0%). 

5-Dimethylamino-1 : 3 : 3-triphenylhexan-2-one (III; R = CO*CH,Ph).—The crude basic oil from 
the cyanide (III; R = CN) (15 g.) and benzylmagnesium chloride (3 mols.) was isolated as described 
for the isopropyl ketone. This oil was apparently the ketone (and not the ketimine), because with 
3n-hydrochloric acid it gave a ketone hydrochloride, which crystallised from alcohol-ether in needles, 
m. p. 236—237° (Found: N, 3-50; Cl, 8-94. C,,H,ON,HCl requires N, 3-43; Cl, 8-94%). 
The hydrobromide crystallised from alcohol in needles, m. p. 243—244° (Found: N, 3-14; Br, 17-6. 
C,,H,ON,HBr requires N, 3-10; Br, 17-7%). 

Resolution of 3-Dimethylamino-1 : 1-diphenyl-n-butyl Cyanide (III; R = CN).—The corresponding 
inactive cyanide (40 g.) and p-tartaric acid (21-6 g.) were together dissolved in acetone (430 ml.), and to 
the filtered solution water (10 ml.) was added. Crystalline (—)-cyanide hydrogen D-tartrate rapidly 
separated. After 24 hours at 0°, the tartrate was collected; it recrystallised from acetone (400 ml.) plus 
water (5 ml.) in needles (28 g.), m. p. 109—112°, [a]? +16° (in water) (Found : N,6-7. C, H,,N,,C,H,O, 
requires N, 65%). The (—)-cyanide base from this tartrate crystallised from light petroleum (b. p. 
60—80°) in needles, m. p. 99—101°, [a]?!" —51° (in alcohol) (Found: N, 10-3. C,,H,,N, requires 
N, 10-1%). 

The acetone mother-liquors plus a little ether after 4 days at 0° deposited a crystalline solid, which 
was collected and crystallised from a mixture of acetone (60 ml.), ether (40 ml.), and water (5 ml.) to give 
the (+)-cyanide hydrogen p-tartrate (14 g.), which formed granules, m. p. 66—70°, [a]?”” +5° in water 
(Found: N, 6-5. C,H,,N,,C,H,O, requires N, 65%). The (+)-cyanide had m. p. 101° and [a]? 
+49° (in alcohol) (Found: N, 9-86. C,,H,,N, requires N, 10-1%). Its hydrobromide crystallised from 
alcohol-ether in needles, m. p. 216—218°, [a]? +5° (in alcohol) and —4° (in water) 
(Found: N, 7-8; Br, 22-4. C,H..N,,HBr requires N, 7:8; Br, 22-3%); and its nitrate 
crystallised from water in needles, m. p. 169—171° (decomp.), [a]? +5° and —6° (in 
alcohol and water, respectively) (Found: N, 12-4. C,H,,N,,HNO, requires N, 12-3%). 

(—)-6-Dimethylamino-4 : 4-diphenylheptan-3-one [(—)-amidone] (III; R = COEt), prepared from 
the (—)-cyanide and ethylmagnesium bromide, was isolated as hydrobromide, which crystallised from 
water in leaflets and from alcohol-ether in hexagonal tablets, m. y 234—235°, [a]?”” —134° (in alcohol) 
(Found: N, 3-4; Br, 20-4. C,,H,,ON,HBr requires N, 3-6; Br, 20-56%). The base from this salt, 
after purification by solution in light petroleum (b. p. 60—80°) in which it is relatively 
soluble, crystallised from alcohol-water in tablets, m. p. 99—101°, [a]? -—32° (in alcohol) 
(Found: N, 4-5. C,,H,;,ON requires N, 45%). The Aydrochloride crystallised from both 














[1949] Search for New Analgesics. Part III. 653 


alcohol-ether and very dilute hydrochloric acid in tablets, m. p. 241—242° (slight decom }. 
[a]?#}” —130° (in water) (Found: N, 4-55; Cl, 10-3. C,,H,,ON,HCl requires N, 4-05; Cl, 10-39% . 

(+)-6-Dimethylamino-4 : 4-diphenylheptan-3-one [(+)-amidone], from the (+)-cyanide, had m. p. 
98—100°, [a]?”” +28° (in alcohol). Its hydriodide crystallised from alcohol-ether in rectangular tablets. 
m. p. 175—177° (decomp.) (Found: N, 3-1; I, 28-9. C,,H,,ON,HI requires N, 3-2; I, 29-1%), and its 
nitrate separated from the same solvent in silky needles, m. p. 148° (decomp.), [a]}?” +137° (in alcohol) 
(Found: N, 7-8. C,,H,,ON,HNO, requires N, 7-5%). 

y-Dimethylamino-aa-diphenylvaleric Acid (III; R = CO,H) and its Amide (III; R = CO-NH,).— 
The cyanide (III; R = CN) (2 g.), concentrated sulphuric acid (4 ml.), and water (4 ml.) were heated 
under reflux for 20 minutes, diluted with an equal volume of water, and cooled to 0°. The hydrogen 
sulphate (2-3 g.) of the carboxylic acid (III; R = CO,H), which separated, was collected and 
recrystallised from water acidified with sulphuric acid in rhombic leaflets, m. p. 222—223° (Found : 
S, 8-06. C,,H,,;0,N,H,SO, requires S, 8-10%). The free acid (III; R = CO,H), obtained from this 
salt by neutralisation to pH 6-8, crystallised from water in rectangular tablets, m. p. 198—199° 
(decomp.) (Found: N, 4-4. C, ,H,,;0,N requires N, 4-7%). Its hydrochloride crystallised from 
water in minute leaflets, m. p. 213—216° (Found: N, 4-3; Cl, 10-7. C,,H,,0,N,HCl requires N, 4-2; 
Cl, 10-6%). 

The ae uors from the above hydrogen sulphate, made alkaline to indigo-carmine, yielded the 
amide (III; R = CO-NH,) (0-9 g.), which exyehaltioed from dilute alcohol in long prisms, m. p. 175—176°, 
practically insoluble in water (Found: N, 9-1. Ci9H,,ON, requires N, 9-45%). Its hydrochloride 
crystallised from alcohol-ether in leafiets, m. p. 190—191° (slightly deliquescent). 

Methyl and ethyl esters (III; R = CO,Me and CO,Et respectively). (a) A mixture of the carboxylic 
acid (III; R = CO,H) (1 g.) and an excess of an ethereal solution of diazomethane was left for 4 days, 
then filtered, and the ether and diazomethane removed. The residue was made alkaline, extracted with 
ether, and the extract dried. Removal of the solvent yielded the methyl ester, which crystallised from 
light petroleum (b. p. 60—80°) in rhombic leaflets, m. p. 60—65° (Found : N, 4-6; OMe, 9-7. C,.H,,0O,N 
requires N, 4:5; OMe, 10-0%). The Aydrochloride crystallised from 2N-hydrochloric acid in needles, 
m. p. 166—168° (decomp.), readily soluble in water (Found: Cl, 10:2; OMe, 8-5. C,H,,O,N,HCl 
requires Cl, 10-2; OMe, 8-9%). The Aydrobromide crystallised from alcohol-ether in prisms, m. p. 182° 
(decomp.), soluble in water (Found: Br, 20-9; OMe, 8-1. C,H,,O,N,HBr requires Br, 20-4; OMe, 
7:°9%). (b) The ethyl ester, prepared in the same way but from diazoethane, remained as an oil, the 
hydrochloride of which was deliquescent. On the other hand, its hydrobromide crystallised from alcohol— 
ether in rectangular leaflets, m. p. 167—168° (Found: Br, 20-4; OEt, 11-3. C,,H,,O,N,HBr requires 
Br, 19-7; OEt, 11-1%). 

Refluxing the acid (III; R = CO,H) with ethyl alcohol and sulphuric acid for 2 hours yielded only 
traces of the ethyl ester. 

3-Dimethylamino-1 : 1-diphenylbutane (III; R = H).—(a) A mixture of the cyanide (III; R = CN) 
(5 g.), sodamide (0-7 g.), and toluene (10 ml.) was refluxed for 6—7 hours, decom with water, and 
extracted with dilute hydrochloric acid. The aqueous layer was made alkaline and extracted with ether. 
The ethereal residue on solution in light petroleum (b. p. 60—80°) yielded unchanged cyanide (2-5 g.) 
and an oily fraction from which the butane hydrobromide was obtained as tablets, m. p. 159—160° (from 
alcohol-ether) (Found: N, 4:2; Br, 23-9. C,,H,,N,HBr requires N, 4:2; Br, 23-9%). (6) The 
carboxylic acid (III; R = CO,H) heated at 200° for 15 minutes gave an oil, which in turn yielded a 
hydrobromide identical with the above. The methiodide crystallised from alcohol in needles, m. p. 
195—196° (Found: N, 3-5; I, 32-1. C,,H,,NI requires N, 3-5; I, 32-1%); it was also isolated from 
among the products of an early attempt to prepare the ketone (III; R = COPr*) (see above). 

3 : 3-Diphenyl-1 : 5-dimethylpyrrolid-2-one (VIII).—The carboxylic acid (III; R = CO,H) (0-8 g.), 
dissolved in dry chloroform (10 ml.), was added slowly to thionyl chloride (0-5 ml.) in chloroform (5 ml.), 
and the mixture warmed for 4 hours 6n the steam-bath. A solid slowly separated. The chloroform and 
thionyl chloride were removed by evaporation, and the residue treated with a little ethyl alcohol. The 
pyrrolidone separated as a solid, and crystallised from aqueous alcohol in rectangular prisms, m. p. 
122—123°, insoluble in dilute acids and alkalis (Found: C, 81-1; H, 7-0; N, 5-4. C,,H,,ON requires 
C, 81-5; H, 7-2; N, 53%). 

5-Dimethylamino-3 : 3-diphenyl-4-methylpentan-2-one (IV; R= COMe).—The cyanide (IV; 
R = CN) (4-2 g.) in xylene (20 ml.) was added to the Grignard reagent from methyl iodide (6-4 g.) and 
magnesium (1-1 g.) in ether. The mixture was heated on the steam-bath for 1 hour and then refluxed 
for a similar period on a sand-bath, the ether being allowed to evaporate. The product was decom 
with ice, made strongly alkaline, evaporated to dryness in a vacuum and extracted with ether. The 
ethereal residue, purified through cold dilute hydrochloric acid, yielded the ketimine (IV; 
R = CMe:NH) as a basic oil, the methiodide of which crystallised from alcohol-ether in needles, decom- 
posing at 176—230° (Found: N, 6-4; I, 29-0. C,,H, N,I requires N, 6-4; I, 29-1%). The ketimine, 
refluxed with excess of 20% hydrobromic acid for 2 hours, gave on cooling the hydrobromide of the 
pentanone (IV; R = COMe) as a solid, which crystallised from alcohol—ether in long hair-like needles, 
m. p. 194—196° (Found: N, 3-6; Br, 21-5. Cy H,,ON,HBr requires N, 3-7; Br, 21-3%). The 
pentanone base from the hydrobromide crystallised, on evaporation of its solution in light petroleum, in 
stout vee m. p. 61—65° (Found : N, 4-96. H,,;ON requires N, 4-75%). 

6- spay oy ty : 4-diphenyl-5-methylhexan-3-one (IV; R = COEt) (isoAmidone).—The cyanide 
(IV; R= CN) (16-6 g.) was treated with the Grignard reagent from ethyl bromide (19-6 g.) and 
magnesium (4-3 g.), and the product worked up as described for the pentanone (IV; R = COMe). The 
oily ketimine boiled at 94°/1 mm. (Found: N, 9-7. C,,H,,N, requires N, 9-1%) and formed a methiodide, 
which crystallised from water in h onal leaflets, partly decomposing at 158—160° but melting at 
240° (Found : N, 6-2; I, 28-1. C,,H,,N,I requires N, 6-2; I, 28-2%). Refluxed for 2} hours with 10% 
hydrobromic acid, the ketimine yielded isoamidone hydrobromide (10-3 g.) as a solid, which crystalli 
from water in prisms, m. p. 139—144°, soluble in hot benzene (Found : N, 3-6; Br, 20-8. C,,H,,ON,HBr 
requires N, 3-6; Br, 20-56%). The oily isoamidone base from this hydrobromide yielded a hydrochloride, 








654 Search for New Analgesics. Part III. 


crystallising from dilute hydrochloric acid in hexagonal tablets, m. p. 152—153° (metastable form, 
m. p. 114—116°, obtained on one occasion) (Found: N, 4-3; Cl, 10-5. Calc. for C,,H,,ON,HCI1: N, 
4-05; Cl, 10°3%); a Aydriodide from water in feathery needles, m. p. 206—208° (Found: N, 3-3; I, 
28-9. C,,H,,ON,HI requires N, 3-2; I, 29-1%); a mitrate from alcohol-ether in cubes, m. p. 182—183° 
(decomp.) (Found: N, 7-8. C,,H,,ON,HNO, requires N, 7-5%), and a methiodide from water in 
needles, m. p. 235—-245° (decomp.) (Found : N, 3-2; I, 28-4. Calc. for C,,Hs,O0NI: N, 3-1; I, 28-2%). 
Attempts to resolve isoamidone led to the formation of the unresolved hydrogen D-tartrate, which 
crystallised from acetone in needles, m. p. 150—154° (Found: N, 3-1. C,,H,,ON,C,H,O, requires 
N, 3-05%). 

5 Dieatetenine® : 3-diphenyl-2-methylheptan-4-one (IV; R = COPr).—The cyanide (IV; R = CN) 
(16-6 g.) and the Grignard reagent from n-propyl bromide (22-2 g.) and magnesium (4-3 g.) were caused to 
react as described for the pentanone (IV; R = COMe). The product, after decomposition with water 
and evaporation to dryness in a vacuum, afforded an ethereal extract, which on extraction with dilute 
hydrochloric acid gave the heptanone hydrochloride (3-75 g.) as a crystalline solid, which separated from 
dilute hydrochloric acid in hexagonal leaflets, m. p. 80—100°, probably containing water of crystallisation 
(Found, for dried material: N, 4:1; Cl, 9-90. C,,H,,ON,HCI requires N, 3-9; Cl, 9-9%). The free 
base crystallised from light petroleum (b. p. 60—80°) in parallelepipeds, m. p. 100—101° (Found: N, 
4-44. C,,H,,ON requires N, 4:33%). 

6-Dimethylamino-4 : 4-diphenyl-2 : 5-dimethylhexan-3-one (IV; R = COPr!).—To prepare this ketone 
it was necessary to treat the corresponding cyanide with 5 mols. of isopropylmagnesium bromide in the 
manner described above. The purified basic oil, refluxed with 20% hydrobromic acid for 3 hours, gave a 
semi-solid hydrobromide, which crystallised from water in hexagonal plates, m. p. 81—85° (Found: 
N, 3-4; Br, 20-1. C,,H,,ON,HBr requires N, 3-5; Br, 19-8%). 

3 : 3-Diphenyl-1 : 4-dimethylpyrrolid-2-one (VII).—The cyanide (IV) (2 g.) and excess of 48% 
hydrobromic acid were heated for 3} hours at 180° in a sealed tube, and the acid then removed in a 
vacuum. The residual sticky solid was collected, washed, and crystallised from dilute alcohol to give the 
pyrrolidone in the form of rectangular prisms, m. p. 121—123° [104—106° when mixed with (VIII)} 
(Found : C, 81-5; H, 6-86; N, 5-4. C,,H,,ON requires C, 81-5; H, 7-16; N, 5-3%). 

3-Dimethylamino-1 : 1-diphenyl-n-propyl Cyanide (V; R = CN).—Diphenylmethyl cyanide (67-2 g.), 
2-dimethylaminoethy] chloride (22 g.), and sodamide (6-8 g.) in benzene (200 ml.), caused to react as for 
the cyanides (III and IV; R = CN), gave a basic oil (39 g.), which was purified by crystallisation of its 
hydriodide from methyl alcohol; rectangles, m. p. 221—223° (Found: N, 7-16; I, 32-8. C,,H.» N,,HI 
requires N, 7-14; I, 326%). The hydrochloride crystallised from methyl ethyl ketone in leaflets and from 
alcohol-ether in needles, m. p. 196—197° (Found: N, 9-36; Cl, 11-9. C,,sH, 9N,,HCl requires N, 9-32; 
Cl, 11-8%). 

5 Dinuhylomino-8 : 3-diphenylpentan-2-one (V; R = COMe).—The cyanide (V; R = CN) (14 g.) 
and methylmagnesium iodide (3 mols.), heated at 100° in xylene (14 ml.) for 4 hours and worked up 
through hydrochloric acid solution as described for (IV; R = COMe), gave a basic oil (9 g.), which 
formed a hydrochloride, crystallising from alcohol—ether in parallelepipeds, m. p. 152—153° (Found : 
N, 4:46; Cl, 11-3. C,,.H,,;ON,HCI requires N, 4-4; Cl, 11-29%). 

6-Dimethylamino-4 : 4-diphenylhexan-3-one (V; R = COEt). This was prepared in similar manner 
from ethylmagnesium bromide. Its hydrochloride crystallised from methyl ethyl ketone in hexagonal 
tablets, m. p. 171—172° (Found: N, 4-2; Cl, 10-8. Calc. for Cy.H,,ON,HCI: N, 4-2; Cl, 10-7%). 

1-Dimethylamino-3 : 3-diphenylheptan-4-one (V; R= COPr).-The cyanide (V; R=CN) and 
n-propylmagnesium iodide (3 mols.) gave a basic oil, which formed a hydriodide, crystallising from methyl 
ethyl ketone in pared tablets, m. p. 156—157° (Found: N, 3-2; I, 28-9. C,,H,,ON,HI requires 
N, 3:2; I, 29-1%). 

¢-thenthylontioe- : 4-diphenyl-2-methylhexan-3-one (V; R = COPr').—The same cyanide and 
isopropylmagnesium bromide (4 mols.) yielded a ketimine base, which on refluxing with 20% hydro- 
bromic acid gave a basic oil. The fraction, b. p. 177—190°/5 mm., gave a hydrobromide, 
which crystallised from methyl ethyl ketone-ether in plates, m. p. 104—106° (Found: N, 3-65; Br, 
20-3. C,,H,,ON,HBr requires N, 3-6; Br, 20-5%). 

3-Piperidino-1 : 1-diphenyl-n-propyl Cyanide (VI; R=CN). This was prepared as described in 
D.R.-P. 710,227 (but before this patent was acquired). It crystallised from light petroleum in needles, 
m. p. 73—74° (Found: N, 9-2. Calc. for C,,H,,N,: N, 9-2%). Its hydrochloride crystallised from 
alcohol-ether in leaflets, _¢ 196—197° (Found: C, 74-0; H, 7:3; N, 83; Cl, 10-4. C,,H,,N,,HCl 
requires C, 74-1; H, 7-3; N, 8-2; Cl, 10-4%); its hydrobromide crystallised from water in cubes, m. p. 
185—186° (Found: N, 7:3; Br, 21-1. C,,H,,N,,HBr requires N, 7:3; Br, 20-8%); its hydriodide 
formed prisms, m. p. 152—153° from water (Found: N, 6-5; I, 29-4. C,,H,,N,,HI requires N, 6-5; 
I. enh and its nisrate, plates m. p. 155° (decomp.) (Found: N, 11-4. CaiH,Ne,H O, requires 

, 11-5%). 

5-Piperidino-3 : 3-diphenylpentan-2-one (VI; R = COMe).—The cyanide (VI; R = CN) and methyl- 
magnesium iodide (3 mols.), refluxed in xylene in the usual way and decomposed with dilute hydriodic 
acid, afforded a solid hydriodide, which crystallised from water in rectangular tablets, m. p. 158—159° 
| atenage be N, 3-2; I, 28-4. C,,H,,ON,HI requires N, 3-1; I, 28:3%). The hydrobromide crystallised 
rom Be, 10-99%) in parallelepipeds, m. p. 162—163° (Found: N, 3-5; Br, 20-2. C,,H,,ON requires 
N, 3-5; Br, 19-9%). 

6-Piperidino-4 : 4-diphenylhexan-3-one (VI; R = COEt).—The reaction product of the cyanide 
(VI; R= CN) and ethylmagnesium bromide (3 mols.), after decomposition with dilute hydrobromic 
acid and removal of xylene, gave a solid hydrobromide, which exyetaitionl from alcohol-—ether in rectangular 
tablets, m. p. 192—193° (Found : C, 66-4; H, 7-4; N, 3-4; Br, 19-3. C,;H,,ON,HBr requires C, 66-4; 
H, 7:2; N, 3-4; Br, 19-2%). 

1-Piperidino-3 : 3-diphenylheptan-4-one (VI; R = COPr) was isolated as hydriodide from the 
cyanide (VI; R= CN) and propylmagnesium iodide as described for the pentanone (VI; R = COMe). 
After crystallisation from alcohol-ether it melted at 217—220°, but it was not analysed. The hAydro- 
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bromide crystallised from acetone-ether in hexagonal leaflets, m. p. 158—160° (Found: N, 3-25; Br, 
18-4. C,,H,,ON,HBr requires N, 3-25; Br, 18-6%). 

Phenyl 3-Piperidino-1 : 1-diphenyl-n-propyl Ketone (VI; R = COPh).—The adduct from the cyanide 
(VI; R = CN) and phenylmagnesium bromide (4 mols.), obtained in the usual way and decomposed 
with dilute hydrobromic acid, gave the hydrobromide, which crystallised from alcohol-ether in 
parallelepipeds, m. p. 191—193°, sparingly soluble in cold water (Found: N, 3-1; Br, 17-3. 
C,,H,,ON,HBr requires N, 3-0; Br, 17-2%). The base boiled at 248—253°/5 mm. 

y-Piperidino-aa-diphenylbutyric Acid and Amide (VI; R=CO,H and CO-NH,).—The cyanide 
(1-9 g.) was refluxed for 30 minutes with sulphuric acid (3-6 ml.) and water (3-6 ml.) and the solution 
made alkaline. The amide 7 ated, and crystallised from alcohol in leaflets (0-6 g.), m. p. 178—179° 
(Found: C, 77-9; H, 8-7; N, 8-79. C,,H,,ON, requires C, 78-3; H, 8-1; N, 8:7%). The amide 
hydrochloride, isolated by evaporation, was a deliquescent solid. 

When the alkaline filtrate from the amide was neutralised and partly evaporated, the acid separated 
as a white solid (0-5 g.), m. p. 230-——235° (decomp.), insoluble in cold water and alcohol separately, but 
soluble in a mixture of these solvents (Found: N, 4-7. C,,H,,0,N requires N, 4-3%). The hydro- 
chloride crystallised from water or from alcohol-ether in rectangular tablets, m. p. 236° (decomp.) (Found : 
Cl, 10-0. C,,H,,0,N,HCI requires Cl, 9-9%). In another preparation of the acid, the hydrogen sulphate 
separated on dilution of the reaction mixture, and was crystallised from water; m. p. 105—114° (Found : 
N, 3-3; s, 7-8. C,,H 30,N,H,SO, T uires N, 3-3; S, 76%). 

The methyl ester (VI; R = CO,Me), prepared from the acid and diazomethane as described for the 
ester (III; R = CO,Me), was isolated as an oil, but its hydrobromide crystallised from water in feathe 
needles, m. B 78—82°, containing water of crystallisation (Found: H,O, 7-85. C,,H,,O,N,HBr,2H, 
requires H,O, 7-°94%. Found, for anhydrous material: MeO, 7-5. C,,H,,O,N,HBr requires MeO, 
7-4%). The ethyl ester hydrobromide, prepared in the same way but from diazoethane, crystallised from 
both water and alcohol-ether in tablets, m. p. 194—196° (Found: EtO, 10-9; Br, 19-1. C,,H,,O,N,HBr 
requires EtO, 10-4; Br, 18-5%). 

3-Piperidino-1 : 1-diphenylpropane (V1; R = H).—A mixture of the cyanide (VI; R = CN) (2-3 g.), 
sodamide (0-9 g.), and benzene (25 ml.), refluxed for 3 hours and worked up as described for the butane 
(III; R =H), gave an oily base, which formed a hydrochloride crystallising from alcohol—ether in 
leaflets, m. p. 208—210° (Found: N, 4-45; Cl, 11-2. H,,;N,HCl requires N, 4-44; Cl, 11-2%). The 
same base was obtained by heating the carboxylic acid (VI; R = CO,H) at 230° for 5 minutes. 


The authors are grateful to Mr. A. Bennett and Mr. F. J. McMurray for the micro-analyses. One of 
them (P. O.) is also indebted to the Directors of the Wellcome Foundation Ltd. for a grant covering the 
expenses of the work done at Chelsea Polytechnic. 
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140. Derivatives of 2-Styrylfluorene. 
By (Miss) E. F. M. STEPHENSON. 


A series of derivatives of 2-styrylfluorere (type I) has been pueene by standard methods 
and is being tested for tumour-inhibitory action. In certain cases both geometrical isomerides 
have been obtained. 


THE tumour-inhibitory (and carcinogenic) activity of certain trans-stilbene derivatives 
containing basic substituents has been reported (24th Annual Report of the British Empire 
Cancer Campaign, 1947, p. 37; Haddow, Harris, and Kon, Biochem. J., 1945, 39, Proc. ii). It 
seemed of interest, therefore, to examine analogous derivatives of 2-styrylfluorene, especially 
as the fluorene derivative (II) has already been found to inhibit tumour growth (Haddow, 
Harris, and Kon, Joc. cit.). A number of 2-styrylfluorenes have now been synthesised and are 
being tested for biological activity by Professor A. Haddow. The p-substituents in the phenyl 
group were not limited to basic substituents. 


y yA ~S 

¢ & (L) “Ox H< NNMe, 
Ia; X =H.) (1b; X=NO,) (Ic; X = NHAc. 
Ca x = Oite) (le; X = in i ke Nhe MS aw 


For the preparation of the a-(2-fluorenyl)cinnamic acids (III) satisfactory results were 
obtained, where X = H, NO,, OMe, and Cl, by using a Perkin condensation between the 
triethylamine salt of fluorene-2-acetic acid and the appropriate aldehyde. This led toa series of 
substituted cinnamic acids in all of which the two aryl groups presumably occupy cis-positions 
(compare Ruggli and Staub, Helv. Chim. Acta, 1936, 19, 1288; 1937, 20,37; Ruggli and Dinger, 
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ibid., 1941, 24, 173). Similar condensation of p-dimethylaminobenzaldehyde gave a poor yield 
(<10%) of the cinnamicacid. Decarboxylation of the cinnamic acids with copper chromite and 
quinoline gave the 2-styrylfluorenes. It would be expected from earlier studies that in these 
stilbene derivatives the cis-configuration would be largely retained (Ruggli and Staub, Joc. cit. ; 
Taylor and Hobson, /., 1936, 181; Zechmeister and McNeely, J. Amer. Chem. Soc., 1942, 64, 
1919; idem, with Solyom, ibid., p. 1922). This view was supported by the fact that in four 
cases (Ia, Ib, Id, Ie) the pure products which were isolated were converted into higher-melting, 
probably tvans-, isomerides by iodine in boiling benzene solution. Moreover, in two cases 
(Ia, Ib) the same higher-melting isomerides were synthesised by Meerwein’s procedure, which is 
known to give trans-stilbenes. For this purpose, fluorene-2-diazonium chloride was allowed to 
react with cinnamic and p-nitrocinnamic acids which gave, respectively, trans-2-styrylfiuorene 
(Ia) and trans-2-p-nitrostyrylfiuorene (Ib) (compare Meerwein, Biichner, and van Emster, J. pr. 
Chem., 1939, 152, 237; Bergmann and Weinberg, J. Org. Chem., 1941, 6, 134; Bergmann, 
Weizman, and Schapiro, ibid., 1944, 9, 408; Bergmann and Schapiro, ibid., 1947, 12, 57). 

The Friedel-Crafts reaction between p-nitrophenylacetyl chloride and fluorene gave 
2-(p-nitrophenylacetyl) fluorene (IV). The carbonyl group in this was reduced with aluminium 


p-X-C,H,°CH:CR-CO,H , p-NO,°C,H,°CH,’COR 

(III.) (IV.) 

(Illa; X=H.) (IIIb; X=NO,) (IIIc; X=NH,) (IIId; X = OMe.) 
(lle; X=Cl.) (IIIf; X = NMe,.) 


p-OMe-C,H,°CO-CH,R p-NH,’C,H,’CH,’CHR’CO,H p-OMe-C,H,’°CH,’CHR-NH, 
(V.) , (VI.) (VII.) 
{In (III—VII), R = 2-fluorenyl.] 


isopropoxide and the resulting carbinol was dehydrated to give, in small yield, tvans-2-p-nitro- 
styrylfluorene (Ib). This method of preparation provides additional evidence for the trans- 
configuration. Reduction of this nitro-compound with stannous chloride, followed by 
acetylation of the crude amine, gave trans-2-p-acetamidostyrylfluorene (Ic). 

2-p-Dimethylaminostyrylfiuorene (If) was obtained as a by-product in the Perkin reaction 
between fluorene-2-acetic acid and p-dimethylaminobenzaldehyde, using the triethylamine salt 
of the acid, but was more suitably prepared by condensing the acid with the aldehyde by means 
of piperidine. This product probably had the trans-configuration (compare Bachman and 
Hoaglin, J. Org. Chem., 1943, 8, 300). 

Kuhn and Winterstein’s modification (Helv. Chim. Acta, 1928, 11, 103) of the Perkin reaction 
often favours production of the trans-stilbene at the expense of the cinnamic acid (compare 
Bachman and Hoaglin, loc. cit.; Bergmann et al., loc. cit.). When, however, it was applied to 
p-nitrobenzaldehyde, (Ib) was not formed, (IIIb) being the only product isolated. 

Fluorene-2-acetyl chloride and anisole reacted in presence of aluminium chloride to give 
p-methoxyphenyl 2-fluorenylmethyl ketone (V). Miscellaneous compounds of related structures, 
including (VI), are described in the experimental section. 


EXPERIMENTAL. 
(All m. p.s are uncorrected.) 


Perkin Condensations.—The general procedure was as follows: A mixture of fluorene-2-acetic acid 
(1 mol.), the aromatic aldehyde (5—20% excess ), triethylamine (1 mol.), and acetic anhydride (3 or 
more mols.) was heated at 90—100° (oil-bath temp.) for 11—12 hours, and the still warm solution poured 
into water. After standing for 12 hours the mixture was heated on the water-bath until the oily product 
solidified (I—2 hours). The crude acid was collected, washed, and converted into its sparingly soluble 
sodium (or potassium) salt, and the latter was collected and washed with benzene until the washings 
were colourless. The residual salt was dissolved in hot water (charcoal, and a filter aid) and the acid 
was recovered by acidification of the filtrate. Where a comparison was made the triethylamine salt 
gave better yields in the Perkin condensation than the sodium or potassium salts. In the case of (IIIb) 
heating at 85—95° was preferable (compare Amstutz and Spitzmiller, J. Amer. Chem. Soc., 1943, 65, 
367); in that of (IIIf) a red resin was obtained after heating on the water-bath but could be worked up 
by the usual procedure. For (IIe) the Perkin reaction was carried out under a nitrogen atmosphere. 

The a-(2-fluorenyl)cinnamic acids were then further purified as follows. 

cis-p-Nitro-a-(2-fluorenyl)cinnamic acid (IIIb). 4-5 G. of an acid, m. p. 259—261°, were obtained 
from 5-6 g. of fluorene-2-acetic acid. This was sufficiently pure for decarboxylation. For analysis, the 
acid was crystallised twice from 90% acetic acid and then from alcohol, giving bright yellow platelets, 
3 . — (decomp.) (Found: C, 73-9; H, 4:3; N, 3-9. C,,H,,O,N requires C, 73-9; H, 4-2; 

» WI /o}- 

cis-p-Chloro-a-(2-fluorenyl)cinnamic acid (IIIe). 8-96 G. of fluorene-2-acetic acid gave 6-9 g. of this 

acid (cream-coloured crystals, m. p. 236-5—238-5°). For analysis it was recrystallised from benzene, 
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3 times from 90% acetic acid, and again from benzene, giving cream-coloured needles or prisms, m. p. 
245—245-5° (Found : C, 76-0; H, 4-35; Cl, 10-3. C,,H,,O,Cl requires C, 76-2; H, 4-4; Cl, 10-2%). 

cis-p-Methoxy-a-(2-fluorenyl)cinnamic acid (IIId). 2-24 G. of fluorene-2-acetic acid gave 1-25 g. of 
colourless acid, m. p. 271—272° (slight decomp.). After recrystallisation from 90% acetic acid and then 
alcohol, it formed pale cream needles or prisms, m. p. 273—274-5° (Found : C, 80-7; H, 5-2. C,,H,,0, 
requires C, 80-7; H, 5-3%). 

cis-a-(2-Fluorenyl)cinnamic acid (IIIa). 2-24 G. of fluorene-2-acetic acid gave 1-89 g. of an acid, 
m. p. 217—219°. After 3 recrystallisations from 90% alcohol it formed small colourless needles, m. p. 
220—222° (slight decomp.) (Found : C, 84-4; H, 5-2. C,,H,,O, requires C, 84-6; H, 5-2%). 

cis-p-Dimethylamino-a-(2-fluorenyl)cinnamic acid (IIIf). 3-36 G. of fluorene-2-acetic acid gave 
250 mg. of the acid (IIIf), m. p. 272—274° (decomp.). Crystallised twice from xylene, it gave bright 
yellow needles, m. p. 273—274° (decomp.) (Found: C, 81-2; H, 5-8; N, 3-8. C,,H,,0O,N requires 
C, 81-1; H, 6-0; N, 3-9%). 

cis-p-A mino-a-(2-fluorenyl)cinnamic acid (IIIc). A mixture of ferrous sulphate (22 g.) in water 
(50 maid, (IIIb) (2-7 g.) in water (100 ml.) and concentrated ammonia (140 ml.) was heated on the water- 
bath for 2 hours and then boiled for a few minutes. The precipitate was filtered (filter aid) and washed 
repeatedly with hot 1% ammonia until practically free from acid. Acidification of the alkaline filtrate 
with acetic acid gave the crude amino-acid. It was collected, dissolved in hot sodium carbonate 
solution, and the solution filtered (filter aid). After several crystallisations from 90% alcohol, the 
recovered acid (2-2 g.) was obtained as dull yellow crystals, m. p. 250-5—252° (decomp.) (Found: C, 
80-9; H, 5-4; N,4-:2. C,,H,,O,N requires C, 80-7; H, 5-25; N, 4-3%). 

Decarboxylation of (IIIa, b, d, and e) was effected by heating a solution of the acid (0-005 mol.) in 
quinoline (20 ml.) with copper powder (Gattermann, Ber., 1890, 23, 1219; dried immediately before use) 
or with copper chromite, at 205—-215° (metal-bath temp.) for 10—12 minutes, the initial brisk reaction 
then having almost ceased. The still warm mixture was _— into light petroleum (250 ml.; b. p. 
60—80°; but benzene was used for Ib), filtered, and the filtrate shaken repeatedly with dilute hydro- 
chloric acid, and washed with water and then with sodium carbonate solution. Acidification of the 
sodium carbonate extract showed that decarboxylation was —- complete. The organic solution 
was dried (Na,SO,) and chromatographed on a column of alumina (B.D.H.; 10 x 2 cm.) at room 
temperature. For (Ia, d, and e) a broad, homogeneous, colourless band, weakly fluorescent in 
ultraviolet light, passed first down the column, followed by a narrow, colourless, more strongly fluorescent 
band and then by miscellaneous coloured zones. [For (Ia, d, and c) elutions were carried out with light 

troleum (b. p. 60—80°).] To obtain a separation of (Ib) it was necessary to pass the solution (in 

nzene, in this case) through several columns of alumina (10 x 2cm.). No trans-isomeride was isolated. 
The substitution of copper powder by copper chromite did not noticeably increase the yields. The 
cis-2-styrylfluorenes were then further purified as follows : 

cis-2-p-Nitrostyrylfiuorene (Ib). A crystallisation from light petroleum (b. p. 80—100°) 
containing a little benzene, the sticky crystalline residue from chromatography gave 150 mg. of bright 
yellow needles, m. p. 134—135-5°. Crystallisation from alcohol gave the mnitro-compound in bright 
yellow needles, m. p. 134—136° (Found: C, 80-7; H, 4-9; N, 4-5. C,,H,,;0O,N requires C, 80-4; H, 
4-8; a 45%). Other methods of decarboxylation were tried but no improvement in yields was 
obtained. 

cis-2-p-Chlorostyrylfiuorene (Ie). After anmnaey there remained 0-82 g. (54% of the 
theoretical amount), m. p. 97—99°. Decarboxylation of larger quantities gave smaller yields. This 
was also the case with the other cinnamic acids. For analysis, the chloro-compound (Ie) was crystallised 
from alcohol, giving colourless needles, m. p. 103-5—104° (Found: C, 83-5; H, 5-2; Cl, 11-6. 
C,,H,,Cl requires C, 83-3; H, 5-0; Cl, 11-7%). 

cis-2-p-Methoxystyrylfiuorene (Id). 0-9 G. (60% of the theoretical amount) of a sticky, crystalline 
product was obtained after ers ye After two crystallisations from alcohol, the fluorene was 
obtained as shiny plates, m. p. 91—91-5° (Found : C, 88-7; H, 6-2. C,,H,,O requires C, 88-5; H, 6-1%). 

cis-2-Styrylfluorene (Ia). <A yield of 64% of the theoretical amount of the fluorene was obtained after 
chromatography. Two crystallisations from alcohol gave shiny plates, m. p. 74-5—75-0° (Found: 
C, 94-2; H, 6-0. C,,H,, requires C, 94-0; H, 6-0%). For the isomerisation of the cis-2-styrylfluorenes 
to their ¢vans-isomerides the following procedure was adopted. The cis-compound was dissolved in 
pure, dry benzene, a crystal of iodine added, and the benzene distilled; the trans-isomeride usually 
separated from the bot solution during the distillation. The crystalline residue was maintained at 
140—150° (oil-bath temp.) for a further 10—15 minutes, then cooled, stirred with sulphurous acid 
solution, collected, and washed. The tvans-2-styrylfluorenes were then further purified as follows. 

trans-2-p-Nitrostyrylfiuorene (Ib). (a) The isomerised product was crystallised from benzene—alcohol 
(4:1) and then melted at 222—-223°, to an opalescent liquid which became clear at 252—253° (slight 
decomp.) (Found: C, 80-6; H, 4:9; N, 4-4. C,,H,,O,N requires C, 80-4; H, 4:8; N, 45%). The 
trans-chloro- and -methoxy-compounds also showed liquid-crystal formation (compare Weygand and 
Gabler, Ber., 1938, '71, 2474). 

(b) A ——— of 2-fluorenediazonium chloride prepared from 2-aminofluorene (0-91 g., 0-005 mol.), 
concentrated hydrochloric acid (1-5 ml.), water (7-5 ml.), and sodium nitrite (0-4 g.) in water (2-5 ml.) 
was added to p-nitrocinnamic acid (0-97 g.; 0-005 mol.) suspended in ‘“‘ AnalaR ”’ acetone (130 ml.), and 
solutions of sodium acetate (2 g. in 6-5 ml. of water) and cupric chloride (0-86 g. in 2-5 ml. of water) were 
immediately added. The temperature was then adjusted so that steady evolution of gas took place 
(30—40°). After 1—1-5 hours reaction was complete. The reaction mixture was steam-distilled to 
remove acetone, chloroacetone, fluorene, and 2-chlorofluorene, and the brown solid residue was collected, 
extracted with hot sodium carbonate solution, and again filtered. Acidification of the combined filtrates 
gave 0°85 g. of p-nitrocinnamic acid. The dry carbonate-insoluble material was shaken with benzene, 
and the solution chromatographed on alumina; a bright yellow zone separated first and yielded a 
slightly sticky, yellow crystalline residue (15—20 mg.) which after washing with alcohol had m. p. 
218-5—219-5° (to an opalescent liquid). After crystallisation from benzene-alcohol (4: 1), the product 
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had m. p. 221-5—222-5° to an opalescent liquid which became clear at 252—253° (slight decomp.). 
A mixed m. p. with the product obtained by method (a) gave no depression. 

(c) Pure 2-(p-nitrophenylacetyl)fiuorene (IV) (see below) was mixed with excess of a m-solution of 
aluminium isopropoxide in dry, thiophen-free benzene, and the benzene slowly distilled through a 
rod-and-disc fractionating column (20 cm.) until no further test for acetone was obtained in the distillate 
(about 10 hours). (Benzene was added during the distillation to maintain the volume constant.) The 
reaction mixture was decomposed with ice-cold hydrochloric acid, and the benzene distilled. The 
residual suspension of a yellow crystalline solid was filtered. The product had m. p. 172—175°, raised to 
175—176-5° by crystallisation from alcohol (Found: C, 76-2; H, 5:3; N, 4-25. C,,H,,0,N requires 
C, 76:1; H, 5-2; N, 4:2%). The carbinol was dehydrated by boiling its solution in acetic anhydride 
containing dry hydrogen chloride for 34 hours. After decomposition of the acetic anhydride the product 
was recovered as a bright yellow solid, which after crystallisation from benzene—alcohol (4 : 1) melted at 
222—223° to an opalescent liquid which cleared at 253-5—254-5°._ A mixed m. p. with the product from 
(a) gave no depression. 

trans-2-p-A cetamidostyrylfiuorene (Ic). A mixture of trans-(Ib), stannous chloride, and equal volumes 
of acetic acid and concentrated hydrochloric acid was heated on the water-bath until reduction of the 
nitro-group was complete (ca. 4 hours). After cooling, the reddish precipitate was collected and worked 
up by standard procedures, but the amine did not crystallise well and was converted into its acetyl 
derivative by heating with acetic anhydride. After two crystallisations from acetic acid the acetyl 
compound was obtained as pale straw-coloured crystals, m. p. 278—280° (decomp.) (Found: C, 85-0; 
H, 5:8; N, 4-7. Cy3H,,ON requires C, 84-9; H, 5-9; N, 4-3%). 

trans-2-p-Chlorostyrylfiuorene (Ie). The isomerised product had m. p. 220—222° (to an opalescent 
liquid). It was thrice crystallised from benzene containing 15% of alcohol, giving colourless, opalescent 
plates, m. p. 224-5—225° to an opalescent liquid clearing at 239—-240° (Found: C, 83-2; H, 5-0; Cl, 
11-5. C,,H,,Cl requires C, 83-3; H, 5-0; Cl, 11-7%). 

trans-2-p-Methoxystyrylfluorene (Id). The isomerised product after two crystallisations from benzene 
containing 10% of alcohol gave colourless, shiny plates, m. p. 226—227° to an opalescent liquid clearing 
at 264—265° (slight decomp.) (Found : C, 88-6; H, 6-0. C,,H,,O requires C, 88-5; H, 6:1). 

trans-2-Styrylfiuorene (1a). (a) The isomerised product was crystallised from alcohol, giving small, 
silky plates, m. p. 218—219°. 

(b) A suspension of 2-fluorenediazonium chloride, prepared from 2-aminofluorene (2-6 g.; 1/70 mol.), 
concentrated hydrochloric acid (4 ml.), and water (20 ml.) and sodium nitrite (1-1 g.) in water (5 ml.), 
was added to a solution of cinnamic acid (2-1 g.; 1/70 mol.) in “ AnalaR ”’ acetone (30 ml.), and solutions 
of sodium acetate (4-7 g.) in water (15 ml.) and then cupric chloride (1 g.) in water (3 ml.) were added 
immediately. The reaction proceeded slowly at room temperature (16°) and was complete in 24 hours. 
After removal of the steam-volatile substances, the insoluble residue was collected, digested with hot 
sodium carbonate solution, and again filtered. On acidification of the combined filtrates 0-6 g. of 
cinnamic acid was recovered. After drying, the alkali-insoluble residue was shaken with light petroleum 
(b. p. 60—80°), and the solution allowed to percolate through a column of alumina (B.D.H.; 10 x 2cm.); 
the coloured eee were strongly adsorbed and a colourless fluorescent substance was easily eluted 
with light petroleum (b. p. 60—80°). It had m. Pp 214—216°. After two crystallisations from alcohol 
it gave small oa ae m. p. 218-5—219-5° (Found: C, 94-0; H, 6-05. C,,H,, requires C, 94-0; 
H, 6-0%). A mixed m. p. with the fluorene obtained under (a) gave no depression. 

ee ee eee (If). (a) A mixture of fluorene-2-acetic acid (3-36 g.), 
p-dimethylaminobenzaldehyde (2-4 g.), and piperidine (1-5 ml.) was heated to 130—140° (oil-bath 
temp.), whereupon a reaction set in and the mass liquefied. After 54 hours at 130—140° the reddish- 
brown viscous product was digested with warm ium carbonate solution, and the resulting yellow 
suspension extracted repeatedly with chloroform, in which the bulk of the alkali-insoluble material 
dissolved. The combined chloroform extracts were washed once with water, and the chloroform 
removed, leaving a dark tarry residue which was digested with 50 ml. of hot alcohol and the solution 
allowed to cool. The yellow solid which separated was collected and washed well with alcohol (yield 
0-85 g.). After three recrystallisations from benzene-alcohol (4:1) the dimethylamino-compound 
formed pale yellow, shiny crystals, m. p. 259—-261° (decomp.) (Found: C, 88-8; H, 6-9; N, 4-55. 
C,3H,,N requires C, 88-7; H, 6-8; N, 45%). 0-9 G. of crude fluorene-2-acetic acid was recovered from 
the alkaline solution (see above). 

(b) The neutral red resinous material from the Perkin reaction was digested with benzene—alcohol, 
and a yellow solid (150 mg.) separated. After two crystallisations from benzene—alcohol (4: 1) it had 
m. p. 259—262° (decomp.) undepressed on admixture with the product obtained under (a). 

B-p-A en 2-fluorenyl) propionic Acid (VI).—Attempts to reduce the ethylenic bond and the 
nitro-group of (IIIb) by shaking its alcoholic or acetic acid solution with hydrogen (atmospheric pressure) 
and palladium-black did not give a satisfactory product. Satisfactory reduction was obtained when an 
alcoholic suspension of the acid was shaken with Raney nickel and hydrogen (20—25 atm.) at 40—60°. 
After separation of the catalyst and removal of the alcohol a slightly discoloured crystalline acid remained 
which was purified through its sparingly soluble sodium salt, and then crystallised from alcohol giving 
cream-coloured crystals, m. p. 250—251-5° (decomp.) (Found: C 80-3; H, 5-9; N, 4:3. C,,H,,O,N 
requires C, 80-2; H, 5-8; N, 4:25%). 

' -p-Methoxyphenyl pene me ol Ketone (V).—Fluorene-2-acetic acid (2-24 g.) was converted into 
its chloride by heating with thionyl chloride, the excess of the latter being removed under reduced 
pressure. A solution of the acid chloride in carbon disulphide (“‘ AnalaR’’; 30 ml.) was mixed with 
anisole (1-25 ml.) and cooled in an ice-bath. Finely powdered anhydrous aluminium chloride (1-5 g.) 
was added; a brisk reaction took place but subsided in 1—2 hours. After standing for 5 hours in the 
ice-bath and overnight at room temperature, the mixture was decomposed with ice and hydrochloric 
acid. The unchanged anisole was removed in steam and the insoluble residue was washed, dried, and 
sublimed in a vacuum, giving 1-6 g. of a product, m. p. 172—-177°. Crystallised from 90% acetic acid, 
the ketone formed colourless needles, m. p. 183—184° (Found: C, 84-4; H, 5-9. C,,H,,O, requires 
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C, 84:0; H, 58%). The oxime was prepared by heating the ketone (0-74 g.), hydroxylamine 
hydrochloride (0-35 g.), sodium acetate (0-68 g.), alcohol (75 ml.), and water (3 ml.) under reflux for 
44 hours. After two recrystallisations from alcohol the product formed colourless crystals, m. p. 
N a25%). (slight decomp.) (Found: C, 80-3; H, 5-9; N, 4:4. C,,H,,0,N requires C, 80-2; H, 5-8; 
N, 4:25%). 

Redoion of the oxime. The oxime was suspended in a mixture of alcohol and acetic acid at 
50—60° and treated with 2-5% sodium amalgam, sufficient acetic acid being added to keep the solution 
acid (cf. Dodds, Lawson, and Williams, Proc. Roy. Soc., 1944, B, 182, 119). It was not found possible 
to purify the colourless product (no unchanged oxime was recovered), and in an attempt to prepare an 
acetyl derivative of the desired amine (VII) the product was refluxed for 10 minutes with acetic anhydride 
containing a few drops of concentrated sulphuric acid. After ————— of the acetic anhydride the 
product was crystallised 5 times from benzene containing 10% of alcohol and gave shiny plates, m. p. 
226—227-5° to an opalescent liquid clearing at 262—-262-5° (slight decomp.) (Found: C, 88-5; H, 5-9. 
Calc. for C,,H,,0: C, 88-5; H, 6-1%). A mixed m. p. with tvans-2-p-methoxystyrylfluorene gave no 
depression. Presumably ammonia had been split out of the crude amine, giving the ethylene derivative. 

1-p-Methoxyphenyl-2-2’-fluorenylethane.—A solution of (Id) (0-298 g.) in acetic acid (50 ml.) was 
shaken with hydrogen (at 1 atm. pressure) and palladium-charcoal; absorption ceased when the 
theoretical amount of hydrogen for one double bond had been taken up. After removal of the catalyst 
the filtrate was diluted with water, and a colourless precipitate, m. p. 154—155°, separated. After 
crystallisation from alcohol, this substituted ethane gave colourless prisms of the same m. p. (Found : 
C, 87-8; H, 6-7. C,,H»O requires C, 88-0; H, 6-7%). 

2-(p-Nitrophenylacetyl)fluorene (IV).—Dry, powdered p-nitrophenylacetic acid (18-1 g.) was added 
with shaking, during 10—15 minutes, to a mixture of pew roy pentachloride (23 g.) and dry, thiophen- 
free benzene (30 ml.). After the initial reaction had subsided, the mixture was heated at 80—85° for 
20 minutes and the benzene and phosphorus oxychloride were then removed under reduced pressure at 
temperatures not exceeding 85°. Fluorene (16-6 g.) and carbon disulphide (‘‘ AnalaR ’’, 45 ml.) were 
then added, and when the mixture had cooled to room temperature finely powdered, anhydrous 
aluminium chloride (19 g.) was added gradually (30—40 minutes). A brisk reaction took place and 
after 4 hours the mixture had solidified. It was decomposed in the usual way and unchanged fluorene 
was removed in steam. The insoluble residue was collected, digested with warm sodium carbonate 
solution, and again filtered. From the combined filtrates 2 g. of p-nitrophenylacetic acid were recovered. 
The brown alkali-insoluble residue underwent much decomposition when sublimed at 0-1 mm,, and a 
—— purification was effected by passing its benzene solution through a column of silica. 

emoval of the solvent and washing the residue with benzene left a yellow crystalline product (ca. 50% 
recovery) which, after crystallisation from benzene, then from acetic acid, and finally from benzene, 
formed cream-coloured plates, m. p. 210-5—211-5° (Found: C, 76-8; H, 4-7; N, 4:3. C,,H,,0,N 
requires C, 76-6; H, 4-6; N, 4-3%). 

p-Diacetylaminobenzyl 2-Fluorenyl Ketone.—The ketone (IV) was reduced by Pfeiffer and Sergiewskaja’s 
method (Ber., 1911, 44, 1110). Dry hydrogen chloride was passed into a suspension of stannous chloride 
(20 g.) in acetic acid (60 ml.) until a clear solution was obtained; (IV) (5-7 g.) was then added, and the 
passage of hydrogen chloride continued for a further 15 minutes. After standing overnight, the mixture 
was heated on the water-bath until reduction of the nitro-group was complete (<3 hours; a purple 
colour was no longer obtained with alcoholic sodium hydroxide; compare Rubin and Wishinsky, J. Amer. 
Chem. Soc., 1944, 66, 1948). After dilution of the mixture with concentrated hydrochloric acid, the 
amine salt was collected and converted into the free base. The latter was not purified but was boiled 
with excess of acetic anhydride. The brown ketone (6 g.) was crystallised from light petroleum (b. p. 
80—100°)—-benzene (3:1) (charcoal), giving slightly discoloured crystals. Repeated crystallisations 
from the same mixture gave colourless, shiny plates, m. p. 201—202-5° (Found: C, 78-7; H, 5-5; N, 
4-0. C,,;H,,0,N requires c. 78-3; H, 5-5; N, 365%). 


The author is indebted to the Finney-Howell Research Foundation for a Fellowship, to the Director 
of the Chemical Research Laboratory, Teddington, for a gift of fluorene, and to Professor J. W. Cook, 
F.R.S., for his interest in this work. Microanalyses were carried out by Mr. J. M. L. Cameron and 
Miss R. H. Kennaway. 
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141. The Mechanism of Decarboxylation. Part IV. Kinetic Evidence 
that the Decarboxylation of Quinaldinic and isoQuinaldinic Acids 
takes Place through the Zwitterion Form. 


By B. R. Brown and D. Li. HamMIck. 


The rates of decarboxylation of quinaldinic and isoquinaldinic acids, of sodium quinaldinate, 
and of the methyl betaine of quinaldinic acid have been determined in quinoline and 
other solvents. The kinetic data support the view that decarboxylation takes place through the 
zwitterion forms. 


In previous communications (Parts I, II, and III: Dyson and Hammick, J., 1937, 1724; 
Ashworth, Daffern, and Hammick, J., 1939, 809; Brown and Hammick, this vol., p. 173) 
evidence has been adduced in support of the view that when heterocyclic imino-acids of the 
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picolinic, quinaldinic, and isoquinaldinic type are decarboxylated, ion-radicals having cyanide 


| - 
ion-like structures \ Vm are produced as intermediates. The question is now raised as 
N 


to what is the actual molecular precursor of such anions. 

The problem is to decide between (I), (II), (III), and (IV) as the actual species which loses 
carbon dioxide when quinaldinic acid decomposes in solution. The view expressed in earlier 
papers of this series was that it is the hydrogen-bonded form (I). A scale drawing indicates that 


O\/\ YS 
| ¥ 
\ LAS OO 
\ 00- 
(I.) (III.) (IV.) 


such hydrogen-bonding is unlikely to occur, since, though the nitrogen—oxygen distance is 
favourable (2°76 a.), the direction of the valencies in space is unfavourable. It is therefore 
concluded that the hydrogen-bonded form is unlikely to be the decarboxylating species. 
Evidence from the kinetics of decarboxylation of other acids shows that in almost every example 
the carboxyl part of the molecule is in the form of the anion, — COO~, before decomposition 
(Pedersen, Trans. Faraday Soc., 1927, 23, 316; J. Physical Chem., 1934, 38, 559; Moelwyn- 
Hughes and Johnson, Proc. Roy. Soc., 1940 175, A, 118; Trivich and Verhoek, J. Amer. Chem. 
Soc., 1943, 65, 1919; Verhoek, ibid., 1939, 61, 186; Muus, J. Physical Chem., 1935, 39, 343). 
The only exceptions appear to be the dibasic acids, oxalic and malonic (Bernouilli and Wege, 
Helv. Chim. Acta, 1919, 2, 511; Fairclough, J., 1938, 1186; Dinglinger and Schéer, Z. physikal. 
Chem., 1937, 179, A, 401; 1938, 181, A, 375). This result is to be expected on general grounds, 
since the evidence of Part III of this series shows that the chief process in the decarboxylation 
of quinaldinic acid in solution is the heterolysis of the carbon-carbon bond : 


con —> —C- + CO, + Ht 


which will be aided by a negative charge on the carboxy] group (cf. Schenkel and Schenkel-Rudin, 
Helv. Chim. Acta, 1948, 31, 514). Electron-attracting substituents on the a-carbon atom will 
also aid this process, so that the ease of decarboxylation should increase in the order, free acid 
(II) <acid anion (III) <zwitterion (IV). Our experimental data for the rates of decarboxylation 
of quinaldinic and isoquinaldinic acids, of sodium quinaldinate, and of the methyl betaine of 
quinaldinic acid in quinoline, ethylene glycol, and acetophenone substantiate these theoretical 
predictions. 
EXPERIMENTAL. 


The rates of decarboxylation were followed where possible by determining the amount of acid 
remaining in solution after various time intervals, by precipitation and weighing as the insoluble copper 
salt (Ray and Bose, Z. anal. Chem., 1933, 95, 400). This method was found to be capable of application 
to tsoquinaldinic acid as well as to its isomer. 

Materials.—Quinaldinic acid was recrystallised once from toluene and twice from benzene; colourless 
needles, m. p. 156—157°. The acid was dried at 100° before use. Its hydrochloride, prepared by 
crystallising the acid from concentrated hydrochloric acid, separated from alcohol as colourless needles, 
m. p. 195° (decomp.). Sodium quinaldinate was twice recrystallised from water and dried at 100°. 
The methyl betaine of quinaldinic acid (Mills and Hamer, J., 1922, 121, 2008) separated from alcohol 
as almost colourless prisms, m. p. 142—145° (decomp.). isoQuinaldinic acid was twice recrystallised 
from benzene and dried in a vacuum at room temperature; colourless plates, m. p. 161°. 

Commercial quinoline was distilled in steam, and then distilled at atmospheric pressure and finally 
under reduced pressure; b. p. 142°/50 mm. Quinoline hydrochloride crystallised from an anhydrous 
mixture of alcohol and ether in the form of colourless hygroscopic needles, which were kept over phosphoric 
oxide ina vacuum. Acetophenone was purified by freezing, followed by distillation, b. p. 155°/255 mm. 
Ethylene glycol was distilled, b. p. 113°/29 mm. 

Apparatus.—Temperature control was obtained by immersing the reaction vessels (glass or silica 
test-tubes) in a lagged vapour bath containing a suitable liquid boiling under reflux at the prevailing 
atmospheric pressure. Temperatures constant to +0-1° could be maintained for at least 2 hours. The 
bath liquids (water, toluene, pyridine, acetic acid, s-tetrachloroethane, bromobenzene, cyclohexanol, 
p-dichlorobenzene, limonene, and aniline) were distilled at atmospheric pressure, and fractions boiling 
over a range less than 1° at the temperatures given were used to construct the Arrhenius plots. 

The reaction tubes, which were open to the air, each contained 5-00 ml. of a solution of the acid. The 
tubes were removed from the vapour bath at suitable time intervals, and the decarboxylation stopped 
by cooling to room temperature. 

Method of Analysis.—The acid solutions (of normality n/10 to n/2 in quinoline or acetophenone) 
were washed out of the reaction tubes with ether, extrac with two lots of n/5-sodium hydroxide 
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acidified with n/6-sulphuric acid, and precipitated hot with m/10-copper sulphate. The precipitates 
were collected on weighed Gooch crucibles , washed with hot water, and dried at 100° to constant weight. 

Results.—The kinetic data obtained fitted first-order equations of the type log,(a — x) = 
log 494 — 0-434kt, where a is the initial weight of copper salt and (a — %) is the weight of salt after time 
t(secs.). These equations, and hence the rate constants k, were obtained by the method of least squares. 
The values of log,»(a — x) calculated from these equations were compared with those observed. The 
maximum deviation was 2-5%: The data from two typical runs are collected in Table I. A plot of 


TABLE I. 
Decarboxylation of quinaldinic acid in quinoline (at 160°7°). 
(I) In silica reaction tubes. 


t (secs.) 1140 2640 4380 
— logy» (@ — *) (obs.) | 0-952 1-075 1-217 
— logis (@ — #) (calc.) ; 0-949 1-074 1-218 


k = 1-90 x 10 (sec.). 
(II) In glass reaction tubes. 


615 1710 
1-010 1-074 
0-994 1-083 


k = 1-87 x 10%. 


TABLE II. 
Effect of temperature. 
Quinaldinic acid in quinoline. 
433-9 451-2 457-6 
1-89 9-95 16-5 
Quinaldinic acid in acetophenone. 


429-7 434-4 446-6 
3-32 5-95 18-7 


383-8 388-7 391-5 
5-51 9-89 13-1 


* From this reaction phenyl-l-isoquinolylmethylcarbinol was isolated in 34% yield; colourless 
risms from alcohol, m. p. 102—103° (Found: C, 81-8; H, 6-1; N, 5-4. Calc. forC,,H,,ON: C, 81-9; 
fi. 6-0; N, 56%). Padbury and Lindwall (J. Amer. Chem. Soc., 1945, 67, 1268) record m. p. 93—95°. 


TABLE III. 
E (cals.) logy» PZ 
Solvent. (+1000). (from & in sec.-*). 
Picolinic Quinoline 36,600 13-72 
Quinaldinic Quinoline 36,100 14-49 
Quinaldinic Acetophenone 37,400 15-58 
tsoQuinaldinic Acetophenone 32,800 15-45 


TABLE IV. 


Test for heterogeneous catalysis. 
Quinaldinic acid in quinoline. Temperature 160-7°. 
Nature of vessel. Added solid. 104k. Nature of vessel. Added solid. 
1-87 ili Silica powder 
1-90 mr 
1-85 


TABLE V. 
Effect of hydrogen chloride on the decarboxylation of quinaldinic acid in quinoline at 160°7°. 
Moles of HCl per mole of acid. 
Quinaldinic acid only 0 
Quinaldinic acid hydrochloride 1 


Quinaldinic acid plus quinoline hydrochloride 7-8 


It will be observed that the rate does not increase linearly with [HCI], a definite falling off being 
evident. 
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1/T and log k (from Table II, together with the data of Schenkel and Klein, Helv. Chim. Acta, 1945, 28, 
1211, for picolinic acid in quinoline) gives the results collected in Table III. 

Decarboxylation of the Methyl Betaine of Quinaldinic Acid in Quinoline at 145-8° (Rough Manometric 
Technique).—A solution of the betaine in quinoline (ca. 0-2 g. in 5 ml.) was placed in a reaction tube, 
which was immersed in the vapour bath and attached to a mercury manometer. The rate of carbon 
dioxide evolution was followed by reading the pressure at suitable time intervals. No correction for 
the solubility of carbon dioxide in quinoline was made, and the reaction was so fast that only the last few 
units % could be followed with much accuracy. The rate constant obtained is therefore only a rough 
minimal value : 

Average k (mean of two) = 33 x 10 (sec.~). 

k by extrapolation for quinaldinic acid at 145-8° = 0-58 x 10~. 


DISCUSSION. 


In Table III the E and PZ values (of the equation k = PZ .e~#/R?) found for quinaldinic 
and isoquinaldinic acids are compared with those of Schenkel and Klein (loc. cit.) for picolinic 
acid (in their paper the quoted E values are in error by a multiplying factor of 2). Picolinic and 
quinaldinic acids have, within the experimental error (+ 1000 cals.), the same activation energy, 
which is unaffected by change of solvent. The activation energy for isoquinaldinic acid in 
acetophenone is less than that for quinaldinic acid in the same solvent by 4600 cals., which is 
outside the experimentalerror. This result is to be expected if heterolysis of the carbon-carbon 
bond to yield carbon dioxide and a negative ion is the rate-determining step, since the carboxyl 
group in isoquinaldinic acid is between two electron-accepting. groups—the nitrogen atom and 
the benzene ring—both of which will facilitate decarboxylation. 

The evidence of Table IV shows that the decarboxylation of quinaldinic acid in quinoline is a 
purely homogeneous reaction, the rate being independent of the nature of the vessel and of the 
presence of solids, both polar and non-polar. 

The state of ionisation of quinaldinic acid in quinoline is not known quantitatively, since 
conductivity measurements have not been made, and for our purpose the conductivity would 
have to be known at the decarboxylation temperatures of 150—180°. However, the state of 
the acid can be predicted qualitatively with a fair degree of certainty. Since the nitrogen 
atoms in quinoline and in quinaldinic acid must be of roughly equal basicities, the following 
equilibria will obtain : 


I NAN a \ AN O\/\S W \ 
OQ -coa + OO) = OQ c00- + OG) = OG-200- + OD 
(IIT.) H 


(II.) H (IV.) 


The addition of hydrogen chloride to the system (as the hydrochloride either of the acid or of 
quinoline) will therefore increase the concentration of species (II) (free acid) and (IV) (zwitterion), 
and decrease that of the quinaldinate ion (III). Table V shows that addition increases the 
reaction rate, one equivalent of hydrogen chloride increasing the rate constant by about 24%. 
Similarly, the addition of 7°8 equivalent? of hydrogen chloride causes an increase of 70%. That 
this effect is not due to a decarboxylation mechanism involving the attack of a solvated proton 
on a molecule of quinaldinic acid (or on any species whose concentration is proportional to that 
of the acid) is supported by the fact that the rate constant is not directly proportional to the 
concentration of added hydrogen chloride, but falls off with increasing concentration, as would 
be expected for a dissociation phenomenon. That the mechanism of the decarboxylation cannot 
involve an undissociated acid molecule and a proton is confirmed by the first-order kinetics, 
since such a bimolecular process would result in a second-order equation. Hence the results 
indicate that one or both of the species (II) and (IV) decarboxylate more readily than does the 
anion (III). 

The foregoing statement is capable of confirmation by comparing the rates of decarboxylation 
of the acid and of one of its salts under the same conditions. As sodium quinaldinate is insoluble 
in quinoline, a change had to be made to a solvent capable of dissolving both the acid and its 
sodium salt. The choice was eventually made of ethylene glycol. In this solvent at 184°4°, 
the acid decomposed at an appreciable rate (k = 20°1 x 10), whereas there was no detectable 
decomposition of the sodium salt. It is almost certain that quinaldinic acid will be present in 
ethylene glycol as an equilibrium mixture of free acid, zwitterion, anion, and solvated protons. 
Though there appear to be no recorded conductivity measurements of salts in this solvent, it is 
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improbable that the salt could be present as anything but an equilibrium mixture of ion pairs 
and sodium and quinaldinateions. The results obtained from a study of the addition of hydrogen 
chloride to a solution of the acid in quinoline are therefore confirmed, and further, it is established 
that while one or both of the species free acid and zwitterion decarboxylate readily, the 
quinaldinate ion does not decompose at all below a temperature of 184°4°. 

The remaining problem is to decide between the free acid and the zwitterion as decarboxyl- 
ating species. This has not been done absolutely, but evidence is provided which indicates that 
JN/ the zwitterion is very likely the more unstable of the two. Thus it has 
CY, _ been shown that the betaine (V), which is analogous in structure and charge 
\ At OO~ distribution to the zwitterion, decarboxylates with extreme ease, measure- 

ments yielding a minimal value of 57 for the ratio k of betaine: k of acid 

Me (V-) in quinoline at 145°8°. From these considerations it can be inferred that 

the zwitterion loses carbon dioxide much more readily than does the ordinary form of the free 
acid, a view formally analogous to that of Pedersen (J. Physical Chem., 1934, 38, 559; J. Amer. 
Chem. Soc., 1938, 60, 595) on the normal and the catalysed decarboxylations of B-keto-acids ; 
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By G. R. Cremo, R. Raper, and W. S. SHort. 


Attempts to synthesise sparteine, and a successful reduction of oxysparteine using lithium 
aluminium hydride, are described. The. structure (I) for sparteine is now regarded as 
completely proved. 


In] Part VII (J., 1933, 644) structure (I) was suggested for sparteine, and the synthesis 
of oxysparteine (J., 1936, 1025) confirmed this and demonstrated that in the latter the 


carbonyl group is at C4p. 
5 
HN we , 
(CH, sCH CH, CH, 
3sCH,' 1N ™ »CH 16 
se a Se S 
CH, CH, n ) H, | H—CO,Et 
. 122CH, H,u H, 
C . | H—CO,Et 
Ul 
(I.) (II.) 


The failure of repeated attempts to reduce oxysparteine, however, made it desirable to 
synthesise sparteine itself. We therefore proposed to condense two molecules of the potassium 
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derivative of ethyl pyridyl-2-acetate with methylene iodide to form ethyl aa’-di-(2-pyridyl)- 
glutarate (II) and to reduce this to the dipiperidyl compound, which by a Bouveault reduction 
and subsequent treatment with phosphorus pentabromide followed by ring closure would be 
expected to yield sparteine. 

The first stage was satisfactorily carried out but on attempting to distil the product from the 
catalytic reduction, gummy mixtures of, probably, 4-keto-1-carbethoxy- 3-(2’-piperidyl)octahydro- 
pyridocoline (III) and 10 : 17-dioxysparteine were formed by ring closure. Bouveault reduction 
of the crude product from the catalytic reduction yielded a resinous product from which 
4-keto-3-(2’-piperidyl)-1-hydroxymethyloctahydropyridocoline (IV) was isolated in very poor yield. 


hay ae 


O,Et H,-OH H,-OH 
H H H 
ANY # ACH 
(IIT.) (IV.) (V.) 


Simultaneous reduction of both the pyridine rings and the carbethoxy-groups of (II) also 
gave a resinous product from which small amounts of 3-(2’-piperidyl)-1-hydroxymethyl- 
octahydropyridocoline (V) were isolated. Many modifications were made of the conditions of 
this reaction without success, and treatment of 3-(2’-piperidyl)-l-hydroxymethyloctahydro- 
pyridocoline with phosphorus pentabromide resulted in only a very small amount of impure 
material containing halogen. 

A yellow crystalline solid, 4-keto-1-carbethoxy-3-(2’-pyridyl)-2 : 3-dihydropyridocoline (V1) is 
formed as a by-product in the preparation of (II). Attempted catalytic reduction of this under 
the conditions used by Galinowsky and Stern (Ber., 1943, 76, 1034; 1944, 77, 132) yielded a 
syrup which slowly crystallised and analysed satisfactorily for 10: 17-dioxysparteine. 
Galinowsky and Kainz (Sitzungsber. Ost. Akad. Wiss., 1947, 156, 137) synthesised this compound 
and found that it could be readily reduced to oxysparteine, so presumably, in our case it was 
formed by ring closure of (III) on distillation. 

Leonard and Beyler (J. Amer. Chem. Soc., 1948, 70, 2298) have recently synthesised 
(+)-sparteine by the catalytic reduction of (VII), using a copper chromite catalyst. We had 
already attempted the reduction of the corresponding dihydro-compound (VI) by the same 
method but at a rather lower temperature, and obtained a very small amount of a colourless 
liquid (b. p. 95—110°/4 mm.) the composition of which is still uncertain. 


| \ 
C . 
aN O,Et \ \co,8t 
(VL) oA — (VIT.) 
| t ) 
\ wv, 

It appeared therefore that reduction of the carbethoxy-groups of (II) followed by catalytic 
reduction might be the most satisfactory approach, as it would eliminate the formation of 
compounds such as (III). No satisfactory method of carrying out such a reduction was 
available until the recent publication of the use of lithium aluminium hydride (Finholt, 
Schlesinger, and Bond, J. Amer. Chem..Soc., 1947, 69, 1199; Nystrom and Brown, ibid., 
pp. 1197, 2548). Trial experiments using this reagent on ethyl pyridyl-2-acetate were 
successful, and its action on (II) is promising. 

While this work was in progress we also investigated the action of lithium aluminium hydride 
on oxysparteine, and found that it was reduced smoothly to sparteine. As in previous papers 
in this series (J., 1928, 1811; 1929, 1927; 1931, 429; 1936, 1025) we have reduced (+-)-lupanine 
to (—)-sparteine, (+-)-lupanine to (+-)-sparteine, and oxidised the last to (-+-)-oxysparteine, 
which has also been obtained synthetically, the structure of sparteine can now be regarded as 
completely proved. 

EXPERIMENTAL. 


Ethyl aa’-Di-(2-pyridyl)glutarate (II) and Ethyl 4-Keto-3-(2’-pyridyl)-2 : 3-dihydropyridocoline-1- 
carboxylate (V1).—Ethyl] pyridyl-2-acetate (4-5 c.c.), powdered potassium (1-2 g.), and dry ether (90 c.c.) 
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were - for 2 days at room temperature, moisture being excluded. Methylene iodide (4-05 g.) was 


added, the mixture heated under reflux for 24 hours, water added to dissolved potassium iodide, and the 
aqueous layer extracted with ether. The combined extracts were shaken with excess of dilute hydro- 
chloric acid, the latter basified (K,CO,), and the bases extracted with ether, dried, and distilled, yielding 
(i) the ethyl ester (II) as a reddish oil (b. p. 215°/2 mm., 2-4 g., 5|0—55%) (Found: C, 66-5; H, 6-8. 
C,,H,,0,N, requires C, 66-7; H, 6-43%) (picrate, yellow needles from alcohol, m. p. 154°. Found: 

, 46-3; H, 3-7. C,,H,.0O,N,,2C,H,O,N, requires C, 46-5; H, 3-5%), and (ii) a brown gum which on 
crystallising from light petroleum (b. p. 60—80°) yielded yellow needles of the keto-ester (VI) (0-5 g.), 
m. p. 122° [Found: C, 69-1; H, 5-1; N, 9-2; M (Rast), 299, 302. C,,F,,0,N, requires C, 68-9; 
H, 5-4; N, 9-5%; M, 296] (picrate, from ethanol, orange needles, m. p. 215—216°. Found: C, 53-3; 
H, 3-4. C,,H,,0,N,,C,H,O,N, requires C, 52-6; H, 3-6%). 

Catalytic Reduction of Ethyl aa’-Di-(2-pyridyl)glutarate-—The ester (II) (0-4 g.) in glacial acetic acid 
(6 c.c.) and platinum oxide (0-05 g.) were shaken in hydrogen at 100 Ib./sq.in. for 18hours. On working 
up, a trace of a colourless liquid and a yellow basic gum (0-2 g.), b. p. 210—220°/2 mm., believed to be 
pe eg ggg peer (III), were obtained (Found: C, 65-35; H, 9-3. 
C,,H,,0,N, requires C, 66-2; H,9-1%). Nocrystalline derivatives of this gum could be prepared. 

The crude product (A) before distillation was assumed to be chiefly ethyl aa’-di-(2-piperidy])glutarate 
and was used unpurified in subsequent work. 

4-Keto-3-(2’-piperidyl)-1-hydroxymethyloctahydropyridocoline (IV).—The above crude reduction 
product (A) (1-75 g.), dissolved in absolute ethanol (30 c.c.), was heated under reflux while sodium 
(2-25 g.) was added in small pieces. After the reaction was complete, water was added, the solution 
acidified (acetic acid), basified (K,CO,), evaporated, and extracted with chloroform, and the extract 
dried. Removal of the chloroform left a brown hygroscopic resin (1-2 g.) which on distillation yielded 
the keto-compound (IV) as a pale yellow basic gum (0-32 g.), b. p. 250°/2 mm. (Found: C, 67-3; H, 9-5. 
C,;H..0.N, requires C, 67-7; H, 9-8%). 

3-(2’-Piperidyl)-1-hydroxymethyloctahydropyridocoline (V).—The crude product (A) (1-1 g.) was 
dissolved in absolute ethanol and heated under reflux while sodium (3-5 g.) was added in small pieces 
together with more ethanol as required to keep everything in solution. The cooled solution was acidified 
(concentrated hydrochloric acid), filtered, and the filtrate evaporated to dryness, the residue basified 
(K,CO,), and extracted with chloroform, and the extract dried. After removal of chloroform the 
residue was distilled, yielding the piperidyl derivative (V) as a pale greenish-yellow liquid (30 mg., b. p. 
130—140°/2 mm.) (Found: C, 70-1, 72-7; H, 10-9, 11-1. C,,;H,,ON, requires C, 71-4; H, 11-1%). 

10 : 17-Dioxysparteine.—Ethy] 4-keto-3-(2’-pyridyl)-2 : 3-dihydropyridocoline-1-carboxylate (0-13 g.), 
platinum oxide (0-13 g.), and dilute hydrochloric acid (20 c.c., 1-25%) were shaken in hydrogen at 
atmospheric pressure and room temperature for 70 hours. The solution was filtered, evaporated to 
dryness, basified (K,CO,), extracted with chloroform, and dried. Removal of the chloroform left 
a whitish resin which on distillation yielded a trace of liquid and a pale yellow gum, b. p. 220—-235°/2 mm., 
which solidified on long standing to a white crystalline solid, m. p. 113° (Found: C, 68-9; H, 8-55. 
Calc. for C,,H,,0,N, : c, 68-7; H, 8-4%). 

(—)-Sparteine.—(—)-Oxysparteine (1 g.) in ether (8 c.c.) was added to a solution of lithium aluminium 
hydride (0-1 g.) in ether (7 c.c.), the mixture being protected from access of atmospheric moisture and 
carbon dioxide. After standing for 3 days at room temperature, a copious white precipitate formed. 
Excess of lithium aluminium hydride was decomposed by water, and the product acidifie (10% H,SO,, 
18 c.c.). Basification with potassium carbonate precipitated a solid consisting presumably of the base 
and lithium carbonate from which nothing could be extracted with ether or chloroform. On acidification 
(dilute HCl) followed by basification (10% NaOH), an oil was obtained; this was extracted with ether, 
dried, and distilled, giving three fractions : (1) a colourless liquid (0-35 g., b. p. 110—130°/4 mm.), (2) a 
yellow oil (b. p. 140—160°/4 mm.), (3) a viscous yellow oil (b. p. 170—190°/4 mm.). Fractions (2) and 
(3) were obviously not pure and rapidly turned red. Fraction (1) (Found: C, 76-9; H, 11-6. Calc. for 
C,sH..N,: C, 76-9; H, 11-1%) gave a picrate, yellow needles from ethanol, m. p. 205—206° not 
depressed by admixture with the picrate of (—)-sparteine, and a hydriodide, m. p. 230°, also not depressed 
by admixture with the monohydriodide of (—)-sparteine. 


One of the authors (W. S. S.) is indebted to the Department of Scientific and Industrial Research for 
a maintenance grant. 
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143. The Oxidation of «8-Unsaturated Ketones with Alkaline 
Hydrogen Peroxide. 


By C. A. Bunton and G. J. MINKoFF. 


The kinetic course of the oxidation of mesityl oxide and of ethylideneacetone by hydrogen 
peroxide in an aqueous alkaline medium has been studied at 0°. The evidence shows clearly 
pe ny 4 a stage is the attack of the hydroperoxide ion HO,~ on the olefinic 

ouble bond. 


THE reaction between hydrogen peroxide (in alkaline media) and unsaturated ketones was first 
studied by Weitz and Scheffer (Ber., 1921, 54, 2327), who found that epoxides were the main 


product. Fieser and his co-workers have prepared naphthaquinone oxides by the action of 
UU 
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alkaline hydrogen peroxide on 1 : 4-naphthaquinones (J. Amer. Chem. Soc., 1939, 61, 3219; 
1940, 62, 2866). A study of the kinetic course of the reaction of alkaline hydrogen peroxide with 
mesityl oxide (I) and with ethylideneacetone (II) shows that the reaction is of first order with 


CMe,:CH-COMe CHMe:CH-COMe 
(I.) (II.) 


respect to both the unsaturated ketone and the hydroperoxide ion HO,~. This experimental 
order is in accord with the supposition that the rate-determining step of the reaction involves an 
attack by the ion HO,” on the $-carbon atom (cf. the attack of this ion on a carbonyl carbon ; 
Bunton, Everett, Halberstadt, and Minkoff, Nature, 1948, 161, 172). The reaction therefore 
falls into the general Michael class, involving attack by a nucleophilic reagent on a carbon-carbon 
double bond conjugated to an unsaturated electron-withdrawing group. We suggest that the 
reaction mechanism follows the general scheme : 


(1) 
H,0, + OH" == HO,- + H,O; 


R CH 

Rit; ~ Hs, - @® | N\co—@-cé 7] Q ® CH, . 

Yt4cu=c + 6-0-H —> Rac rhe 1 nos Ko +OH 
On ‘o” 


(A) 


Our kinetic study can of itself give no information on the nature of the intermediate (A); the 
formation of the new C—O bond (step 3) may be synchronous with the breaking of the O-O 


bond (step 4). _Noevidence was found which indicated the attack of HO,~ on the carbonyl carbon 
atom. 


The nucleophilic attack on the ketone should be hindered by electron accession to the 
reaction centre, and in fact the substitution of a methyl group for a hydrogen atom on the 
f-carbon atom decreases the rate by a factor of 5°6. This marked effect of alkyl groups in 
decreasing the rate is in contrast to the reaction between olefins and per-acids; this latter 
reaction involves electrophilic attack and is facilitated by alkyl substituents (Meerwein, /. pr. 
Chem., 1926, 118, 9; Swern et al., J. Amer. Chem. Soc., 1947, 69, 1692). A distinction must also 
be drawn between these reactions and those of hydroxyl radicals, which can be formed from 
hydrogen peroxide by irradiation with ultra-violet light or by the action of multivalent metal 
ions (Treibs, Ber., 1939, 72, 7, 1194; Haber and Weiss, Proc. Roy. Soc., 1934, 147, A, 333; ‘Waters, 
Ann. Reports, 1945, 42, 148; Baxendale, M. G. Evans, and Park, Trans. Faraday Soc., 1946, 
42, 155). 


EXPERIMENTAL. 


Kinetic Measurements.—The reactions were carried out at 0° in a blackened flask. Hydrogen peroxide 
(100-vol.) was added to a solution of a known weight of the ketone in aqueous alkali (free from carbon 
dioxide) at 0°. The zero time of the reaction was taken as the time of mixing.of the reagents and the 
initial concentration of hydrogen peroxide was obtained by an extrapolation back to zero time. The 
concentration of hydrogen peroxide at a given time was estimated by titrating the iodine liberated from 
acid potassium iodide in the presence of ammonium molybdate. Calibrated volumetric glassware was 
used. The hydroxide-ion concentration was determined by titration with standard acid, with 
bromophenol-blue indicator; no change of alkali concentration occurred in the course of reaction. 

Blank experiments showed that, although there was no sensible decomposition of the alkaline hydrogen 
peroxide oaher our conditions, there was a very slow reaction between the hydrogen peroxide and the 
epoxide formed in the course of the reaction. The decrease in the concentration of hydrogen peroxide 
after a time equal to 10 times the half-life period of the reaction was up to 5% greater than that corres- 
‘ponding to the amount of unsaturated ketone originally present. This side reaction should, however, 
chave a negligible effect on the rate in the early stages of the reaction. The reaction of ethylideneacetone 
‘was not investigated as fully as that of mesityl oxide as the rates became too fast for accurate 
determination. The plot of titre against time for a typical run of mesityl oxide is shown in Fig. 1. 

The reaction of alkaline hydrogen peroxide both with mesityl oxide and with ethylideneacetone 
shows no definite kinetic order with respect to either hydrogen peroxide or hydroxide-ion concentration ; . 
it is therefore not possible to quote integrated rate constants. Initial rates were, however, obtained by 
fitting the experimental results to an empirical equation of the form 


log y»_ [ketone] = A + Bt + C# 


—B is then equal to the first-order rate constant with respect to the ketone concentration, i.e.,k, = —B. 

Since the values of (initial) k, showed no obvious correlation with the concentrations of either H,O, 
or OH™~, the influence of the concentration of hydroperoxide ion was investigated. This concentration 
was obtained from the equation 


(HO,~}/((H,0,)[(OH~}) = Ku/Kw = K 
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in which Kg is the dissociation constant of hydrogen peroxide at 0°, and Kw that of water. Then 
K = 0-67x 107!*/0-114x 10 (International Critical Tables) = 600. 


This value of K being used, the concentrations of HO,~ were calculated as follows: Let a be the total 
concentration of H,O,, as found by titration at a given time. Let b be the initial concentration of 
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hydroxyl ions. Let y be the concentration of HO,~ when total [H,O,] = a. The actual concentrations 
are then 
H,0, ~~ OH- = HO,- Sa H,O 
(a — 9) (6—») y 
and they are related by the expression 
yl(a — y)(b — y) = 600 
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Graphs were nant for the various values of b which were used, of y against a, and from these, the 


required values of [HO,~] were obtained. Such a graph is shown in Fig. 2; it shows that for concentrations 
of hydrogen peroxide greater than that of the hydroxyl ion, the concentration of hydroperoxide ion is 
sensibly constant, and slightly below the concentration of hydroxyl ions; when the concentration of 
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hydrogen peroxide is less than that of the OH~, [HO,~] decreases with decreasing H,O,. It seems not 
unreasonable to connect the extensive ionisation of hydrogen peroxide to HO,~ and Ht in alkaline media 
with the experimental observation that it is a strongly oxidising agent in such circumstances. ; 

When the initial values of k,, calculated as above, were plotted against initial [HO,~], both for mesityl 
oxide and for ethylideneacetone, straight lines were obtained, as shown in Fig. 3. The slopes of these 
lines gave the values of the initial second-order constants #,, which were respectively 1-37 x 10 and 
7-70 X 10° sec.“} 1.g.-mol."?. 
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Initial k, for mesityl oxide = 1-37 x 10-*. 
Initial k, for ethyladeneacetone = 7:70 x 107%. 


The experimental conditions (concentrations in mols./l.) were :— 


Initial &,, Initial 
Run no. [H,O,], m. [Ketone]. [OH~}. (sec.) x 104. [HO,7). 
Mesityl oxide. 

1 0-0717 0-0423 0-0134 1-55 0-0131 

2 0-0735 0-0821 0-0130 1-90 0-0126 

3 0-0655 0-0843 00384 4-96 0-0367 

4 0-0698 0-0842 0-0257 3-44 0-0247 

5 0-0346 0-0866 0-0263 2-92 0-0230 

6 0-0678 0-0856 0-0646 6-19 0-0558 

7 0-0154 0-0547 0-0740 10-40 0-0690 

Ethylideneacetone. 

9 0-0610 0-0289 * 0-0121 8-32 0-0122 
10 0-0462 0-0283 0-0042 2-76 0-004 

1l 0-0508 0-0335 0-0068 5-61 0-0062 


These results show that the initial rate is proportional to the concentrations of the ketone and of the 
hydroperoxide ion. 

In the case of mesityl oxide, the proposed kinetic order was further tested by estimating graphically 
the instantaneous rates from the slopes of the graphs of titre against time, and plotting these, for reactions 
1—7, against the product of the concentrations of ketone and hydroperoxide ion on the same graph. The 
points all lay close to a common straight line, the slope of which gave the mean value of &,, with an 
accuracy limited by the accuracy of the determination of the slopes. For the sake of clarity, the points 
of runs nos. 1, 3, 4, and 5 only are shown in Fig. 4. By contrast, the instantaneous rates are also plotted 
against the products [Ketone][H,O,][OH~] in Fig. 5; it is obvious that no simple relationship exists 
between these quantities. A further confirmation lies in the fact that the initial second-order constants 
(based on [HO,~]) obtained by the two methods agree closely, the values being 1-37 x 107* sec.~? 1. g.-mol. 
in both cases. 

Preparation of Materials.—Ethylideneacetone. Acetaldehyde and acetone were condensed in the 
presence of alkali, and the products were dehydrated by distillation from iodine. The ethylideneacetone 
was purified by fractionation through a ten-plate column; b. p. 122—123°. 

Mesityl oxide. This was prepared by the iodine-catalysed dehydration of B.D.H. diacetone alcohol, 
and purified by fractionating through a similar column; b. p. 129—129-5°. 

Isolation of the Oxide of Mesityl Oxide.—The end-products were isolated as follows from 500 c.c. of a 
solution in which mesityl oxide (10 g.) reacted with hydrogen peroxide (m/4), [OH™] being m/8, after 6 
hours at 0°. The solution was extracted with ether, and the extract dried with potassium carbonate 
and calcium sulphate. After evaporation of the ether, the products were fractionated in a vacuum; 








[1949] «8-Unsaturated Ketones with Alkaline Hydrogen Peroxide. 669 











Fic. 4. 
i ia | | q . « 
0:35-- = 
0-30 . 4 
0-25'- o”* -_ 
3 ‘ 
x 0-20 x —_ 
o °° 
é x . Run 7 
0-15 '- © ” o » 3 ~ 
‘ x » 4 
©® » 5 
ies kh, #1-:37%10"* 
get 7x10 
005+ * - 
Y 
ha ‘ 
0 ee | | | | L 





0 04 08 12 16 20 24 28 
[HO,~] [Mesityl oxide] x 10°, 


Fie. 5. 





Rate x 10*, 











] ] | } 
0 02 04 06 08 0 72 4 16 18 20 
[H,0,] [Mesity! oxide] [OH-] x 10*, 








670 Buu-Hoi: The Chemistry of 


7-5 g. of product boiled at 59—60°/17 mm. (Found: C, 62-2; H, 8-6. Calc. for CgH,,.O,: C, 63-0; 
H, 8-8%), and an unidentified residue distilled between 60° and 80°. The low value of the carbon in 
the oxide of mesityl oxide may be due to the presence of a small quantity of glycol. 


The authors wish to thank Professors Sir A. C. Egerton, D.Sc., Sec.R.S., and C. K. Ingold, D.Sc., 
F.R.S., for their helpful advice and encouragement in this work. 
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144. The Chemistry of Carcinogenic Nitrogen Compounds. Part II. 
Further Derivatives of 1: 2- and 3: 4-Benzacridines. 


By Ne. Pu. Buvu-Hoi. 


In continuation of earlier work (Buu-Hoi, J., 1946, 792), a large number of new derivatives of 
1 : 2- and 3: 4-benzacridines have been prepared by a set of known methods for the study of 
their potential carcinogenic, and other physiological properties. The synthesis of these 
compounds, most of them bearing hydrocarbon substituents of different size and shape in the 
meso-position, involved the preparation of a series of hitherto unknown N-arylnaphthylamines. 


From the extensive work of Cook and others (Barry, Cook, Haslewood, Hewett, Hieger, and 
Kennaway, Proc. Roy. Soc., 1935, B, 117, 318; Badger, Cook, Hewett, Kennaway, Kennaway, 
Martin, and Robinson, ibid., 1940, B, 129, 439; Shear and Leiter, J. Nat. Cancer Inst., 1940, 1, 
303; Lacassagne, Buu-Hoi, Daudel, and Rudali, Compt. rend., 1947, 225, 238), the relations 
between carcinogenic power and the nature and position of substituents in the 
1 : 2-benzanthracene molecule have become much better understood. In order to obtain similar 
knowledge in the series of 1 : 2- and 3 : 4-benzacridines (I) and (II), many of which have recently 
been found to be actively carcinogenic (Lacassagne, Buu-Hoi, Lecocq, and Rudali, Bull. du 
Cancer, 1946, 33, 48), a number of further new derivatives of these nuclei have now been 


synthesised for biological testing. Since this work began, the discovery of the sterilising effect 
of various benzacridines upon the testes of mice (Lacassagne, Buu-Hoi, Rudali, and Lecocq, 
sbid., 1947, 34, 28) has provided a new incentive for the synthesising of further compounds of 
these series. 


; SS. 
¢> ¢> 
(I.) ag : 2@) ¥ ' a6) (II.) 
0 8 
WAAAY RRAY 

From among 11 possible monomethy]-1 : 2-benzacridines, only 4 have hitherto been prepared. 
5-Methyl-1 : 2-benzacridine has been obtained by means of the Bernthsen reaction (Posstowski 
and Lundin, Chem. Cenir., 1940, II, 205; see also Kermack, Slater, and Spragg, ibid., 1931, I, 
618), and 7-, 9-, and 2’-methyl-1 : 2-benzacridines via the Pfitzinger reaction (von Braun and 
Wolff, Ber., 1922, 55, 3685; Buu-Hoi, Joc. cit.). 6- and 8-Methyl-1 : 2-benzacridines have now 
been prepared by the Ullmann—La Torre reaction (Ber., 1904, 87, 2924) performed upon 
N-vic.-0-xylyl-a-naphthylamine and N-p-xylyl-a-naphthylamine, respectively, both of these new 
secondary amines having been prepared by heating vic.-o-xylidine and -xylidine with 
a-naphthylamine in the presence of some iodine (cf. Knoevenagel, J. pr. Chem., 1914, 89, 17). 
The foregoing method is also suitable for the preparation of 9-methyl-1 : 2-benzacridine from 
N-vic.-m-xylyl-a-naphthylamine. 7- and 9-Methyl-1 : 2-benzacridines could also be obtained 
by the interaction of paraformaldehyde with a boiling mixture of a-naphthol and #-toluidine 
and o-toluidine, respectively. When a similar reaction was performed upon m-toluidine, a 
complex mixture was obtained, from which only a very small quantity of pure 8-methyl-1 : 2- 
benzacridine could be isolated. 

In the 3: 4-benzacridine series, the 5-, 7-, and 9-methyl derivatives are already known 
(Posstowski and Lundin, Joc. cit.; Ullmann, Chem. Centr., 1901, II, 568; Ullmann and Naef, 
Ber., 1900, 38, 907). Iodine-catalysed reaction of 6-naphthol with vic.-o-xylidine and p-xylidine 
resulted respectively in N-vic.-o-xylyl- and N-p-xylyl-f-naphthylamine, which gave on heating 
with lead oxide 6- and 8-methyl-3 : 4-benzacridines. The latter isomer could more conveniently 
be prepared from $-naphthol and m-toluidine by means of the paraformaldehyde reaction. 
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Of dimethylbenzacridines, from among the very large number of isomers possible in each of 
the series (I) and (II), only twelve were hitherto known, of which the six bearing a methyl 
group in the meso-position were prepared by Buu-Hoi and Lecocq (Compt. rend., 1944, 218, 792), 
and the others by Senier and Compton (/J., 1909, 95, 1627, 1636). The preparation of a number 
of further isomers has now been undertaken. 8 : 9-Dimethyl-1 : 2- and -3 : 4-benzacridine have 
easily been prepared by adding paraformaldehyde to boiling mixtures of 2 : 3-dimethylaniline 
with a- and @-naphthol, respectively. Replacement of o-xylidine by 4-aminodipheny] in the 
foregoing reaction yielded 7-phenyl-1:2- and -3: 4-benzacridine. A TBernthsen reaction 
performed upon acetic anhydride and N-phenyl-4-methyl-a-naphthylamine, the latter being 
prepared by heating 4-methyl-«-naphthylamine (synthesised according to Barclay, Burawoy, 
and Thomson, J., 1944, 109, and Buu-Hoi and Guettier, Compt. rend., 1946, 222, 665) with 
aniline in the presence of iodine, resulted in 3: 5-dimethyl-1 : 2-benzacridine. N-o-Tolyl-4- 
methyl-a-naphthylamine similarly obtained from 4-methyl-«-naphthylamine and o-toluidine, has 
been converted into 3: 5 : 9-trimethyl-1 : 2-benzacridine. Similar Bernthsen reactions involving 
acetic anhydride and N-vic.-o-xylyl-, N-o-xylyl-, and N-p-xylyl-a-naphthylamine produced 
5:8:9-, 5:7: 8-, and 5: 6: 9-trimethyl-1 : 2-benzacridine. In the other series, a similar set of 
reactions carried out with acetic anhydride and N-vic.-o-xylyl-, N-o-xylyl-, N-p-xylyl-, and 
N-s-m-xylyl-8-naphthylamine (the last being prepared in high yield from §-naphthol, 
s-m-xylidine, and iodine) gave 5:8:9-, 5:7:8-, 5:6:9-, and 5:6: 8-trimethyl-3: 4- 
benzacridine. 

5-Methyl-1 : 2-benzacridine has been found to be strongly carcinogenic (Lacassagne, 
Buu-Hoi, Lecocq, and Rudali, Joc. cit.); on the other hand, in the 1 : 2-benzanthracene group, 
replacement by higher substituents of the methyl radical in favourable positions such as 5 or 10 
(Badger, Cook, et al., loc. cit.; Shear and Leiter, Joc. cit.) produces a downward trend in 
carcinogenicity with the increase in the number of carbon atoms involved. In order to ascertain 
whether, in the 1 : 2-benzacridine series, similar regularities brought about by changing the size 
and shape of the meso-substituents could be detected, a number of 5-alkyl-1 : 2-benzacridines 
have been prepared from N-phenyl-«-naphthylamine by extending the Bernthsen reaction to 
different linear as well as branch-chain homologues of acetic acid. A list of these compounds 
with their properties is given in Table I, together with those of 5-phenyl- and 5-benzyl-1 : 2- 
benzacridine, prepared for the study of the influence of aromatic substitution. In Table II, a list 
appears of 5-alkyl-3 : 4-benzacridines similarly obtained from N-phenyl-$-naphthylamine and a 
variety of aliphatic acids. 5-Benzyl-3 : 4-benzacridine, prepared in good yield from phenylacetic 
acid, was readily oxidised by means of selenium dioxide into 5-benzoyl-3 : 4-benzacridine 
according to a convenient procedure devised by Buu-Hoi and Lecocq (Rec. Trav. chim., 1945, 44, 
251). In view of the remarkable results obtained by Kuhn and Moewus (Ber., 1940, 73, 1086) in 
inducing mutations in certain species of green alge by means of 3-ethyl-1-dodecylbenzotria- 
zolium bromide, attention should be specially directed to long-chain compounds such as 
5-heptadecyl-1 : 2-benzacridine which gives soapy water-soluble quaternary acridinium salts 
with dialkyl sulphates and alkyl halogenides. These will form the subject of a separate paper. 
On the basis of the theory ot restricted rotation of aromatic radicals around C-C links due to 
steric hindrance, and account being paid to the fact that van der Waals forces are likely to be 
strong in the neighbourhood of peri-positions, a molecule such as 5-«-naphthyl-3 : 4-benzacridine 
might perhaps exist in two optically active forms (IIIa) and (IIIb). Such a compound has now 
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been synthesised in the usual way from a-naphthoic acid and N-phenyl-$-naphthylamine ; 
attempts to resolve this and similar substances into enantiomorphic components will be 
described later. 5-a-Naphthyl-3 : 4: 5 : 6-dibenzacridine (IV), a molecule in which the rotation 
of the meso-radical would presumably be still more hindered, was also prepared from 
BB-dinaphthylamine; but in this case, considerations of symmetry show that the possibility of 
optical isomerism must be discarded. 





672 Buu-Hoi: The Chemistry of 


Most of the substances described here (some of which are highly potent carcinogens) are under 
biological investigation by Professor Lacassagne, and results will be published elsewhere. 


EXPERIMENTAL. 


N-vic.-o-Xylyl-a-naphthylamine.—A mixture of vic.-o-xylidine (12 g.), a-naphthylamine (15 g.), and 
iodine (0-1 g.) was heated under reflux for 26 hours, ammonia being copiously evolved. The dark oil 
obtained was taken up in toluene, washed with aqueous sodium hydroxide, and dried (Na,SO,); after 
removal of the solvent, the residue was vacuum-fractionated, giving N-vic.-o-xylyl-a-naphthylamine, 
b. p. 242—245°/13 mm. (20 g.), which readily solidified. After recrystallisation from aqueous alcohol, 
hard large colourless prisms, m. p. 68—69°, were obtained, very soluble in benzene and alcohol, and 
slowly undergoing oxidation in the air (Found: N, 5-7. C,,H,,N requires N, 5-6%). With picric acid, 
a molecular compound crystallising from alcohol in violet-red silky needles, m. p. 128°, was obtained. 
The higher-boiling fractions contained much aa-dinaphthylamine. 

6-Methyl-1 : 2-benzacridine.—The foregoing amine (5 g.) was heated in a Claisen flask at 350° with 
finely powdered lead oxide (5 g.) for some minutes, the temperature being subsequently raised to boiling ; 
the distillate was dissolved in hot alcohol, and agen acid added. The picrate thereby obtained 
crystallised from nitrobenzene in silky yellow needles, m. p. 249—-251° (decomp.), almost insoluble in 
alcohol, and only slightly soluble in benzene (Found : N, 12:4. C,,H,,;N,CgH,0,N; requires N, 12-7%). 
The free base (0-5 g.), obtained on treatment of the picrate with dilute aqueous ammonia, was extracted 
with chloroform; it crystallised from alcohol in pale yellow needles, m. p. 136° (Found: N, 
5-6. C,,H,,N requires N, 5-7%). 

5:8: 9-Trimethyl-1 : 2-benzacridine.—N-vic.-o-Xylyl-a-naphthylamine (5 g.) was heated with acetic 
anhydride (5 g.) and fused zinc chloride (10 g.) at 200° for one hour, the temperature being subsequently 
allowed to rise to 250° during some 30 hours. The cooled mixture was thoroughly treated with hot 
aqueous sodium hydroxide and toluene. The organic layer was separated and dried over potassium 
hydroxide, the solvent removed, and the dark viscous residue vacuum-distilled. The fraction, b. p. 
295—298°/15 mm., was collected, and it solidified upon treatment with alcohol. After two 
crystallisations from alcohol—benzene, 5 : 8 : 9-trimethyl-1 : 2-benzacridine (4 g.) was obtained as long, 
yellow, prismatic needles, m. p. 166° (Found: N, 5-0. C,.9H,,N requires N, 5-2%); the alcoholic 
solutions gave a strong green fluorescence. The picrate crystallised from toluene in long, silky, orange 
needles, m. p. 162—163°, easily soluble in alcohol and benzene. The low m. p. and high solubility are 
characteristic of picrates of 1 : 2-benzacridines bearing a methyl group in the 9-position (cf. Buu-Hoi, 
loc. cit.; Senier and Austin, J., 1907, 91, 1240). 

N-p-Xylyl-a-naphthylamine.—This amine (14 g.), obtained from p-xylidine (17 g.), a-naphthylamine 
(20 g.), and iodine (0-1 g.) in the same manner as was the preceding one, formed a viscous yellow oil, 


b. p. 242—244°/15 mm., which did not solidify even after many months (Found: N, 5-4. C,,H,,N 
requires N, 5-6%). The molecular compound obtained with picric acid crystallised from alcohol in long, 
silky, violet-red needles, m. p. 109—110°. 

8-Methyl-1 : 2-benzacridine.—(a) By the Ulimann-La Torre reaction. Heating of the foregoing 
amine (10 g.) with lead oxide (100 g.) in the usual manner gave an oil which was converted into a picrate 
(2 g.), crystallising from chlorobenzene in fine orange-yellow needles, m. P- 239—240° (decomp.) (Found : 


N, 12-6. C,,H,3N,C,H,O,N, requires N, 12-7%). The free base crystallised from alcohol in pale yellow, 
elongated prisms, m. p. 148° (Found: N, 5-6. C,,H,,N requires N, 5-7%). 

(b) By the paraformaldehyde reaction. To a boiling mixture of a-naphthol (5 g.) and m-toluidine 
(10 g.), paraformaldehyde (1 g.) was cautiously added in small portions; after 10 minutes of further 
refluxing, vacuum-distillation yielded an orange-yellow oil, b. p. 400°, which was dissolved in alcohol and 
treated with picric acid. After many crystallisations from nitrobenzene, long, orange-yellow, silky 
needles, m. p. 240—241°, were obtained. The base (0-5 g.) had m. p. 145—146° undepressed 
on admixture with a sample prepared as in (a). 

5 : 6: 9-Trimethyl-1 : 2-benzacridine.—A mixture of the foregoing amine (5 g.), acetic anhydride (5 g.), 
and zinc chloride (10 g.) was heated at 200—210° for 24 hours, and then at 225—-240° for 3hours. After 
the routine treatment, the base was obtained as large yellow needles (3 g.), m. p. 140° (from alcohol— 
benzene) (Found: N, 4:9. C,9H,,N requires N, 5-2%). The picrate crystallised from alcohol—benzene 
in long silky orange needles, m. p. 165°, which were extremely soluble in benzene. 

N-vic.-m-Xylyl-a-naphthylamine.—The condensation of vic.-m-xylidine with a in the 
P esence of iodine gave much aa-dinaphthylamine and little of the expected mixed secondary amine. 

he following procedure gave better yields of the latter compound : a mixture of vic.-m-xylidine (10 g.), 
a-naphthol (15 g.), and iodine ” g.) was heated under reflux for 3 hours and subsequently vacuum- 
fractionated. The amine (10 g.) was obtained as a viscous yellow oil, b. p. 242—244°/13 mm., which did 
not solidify (Found: N, 5:6. C,,H,,N requires N, 56%). The addition compound with picric acid 
crystallised from alcohol in long, silky, violet needles, m. p. 102°. 

9-Methyl-1 : 2-benzacridine.—(a) By the Ullmann-La Torre reaction. The preceding amine (5 g.), 
heated at 350—400° with lead oxide (50 g.), yielded an oil which was transformed into a picrate (2 g.) 
crystallising from alcohol—benzene in short, orange-yellow prisms, m. p. 150—151° after purification 
from alcohol (cf. von Braun and Wolff, loc. cit.). 

(b) By the paraformaldehyde reaction. a-Naphthol (10 g.), o-toluidine (10 g.), and ormaldehyde 
il g.), brought into reaction as described above, yielded the same picrate (0-2 g.) r crystallisation 

rom alcohol. 

7-Methyl-1 : 2-benzacridine.—The routine reaction between a-naphthol (10 g.), p-toluidine (10 g.), 
and paraformaldehyde (1 g.) gave a picrate (3 g.), m. p. 226—227°; the base had m. p. 131—132° (cf. 
Buu-Hoi, loc. cit.). 

N-vic.-o-Xylyl-B-naphthylamine.—A mixture of B-naphthol (10 g.), vic.-o-xylidine (12 g.), and iodine 
(0-02 g.) was heated under reflux for 16 hours, then treated with aqueous sodium hydroxide and benzene. 
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The organic layer was dried (Na,SO,), the benzene removed, and the residue vacuum-distilled. The 
secondary amine, b. p. 255—256°/20 mm., solidified immediately, and crystallised from alcohol in 
colourless prismatic needles (14 g.), m. p. 61—62° (Found: N, 5-4. C,,H,,N requires N, 56%). The 
substance containing alcohol of coyutatlintton had m. p. 55°. 

6-Methyl-3 : 4-benzacridine.—The oil resulting from pyrolysis of the above amine (5 g.) over lead 
oxide (50 g.) yielded a picrate, crystallising from nitrobenzene in light, silky, yellow needles, m On, 
276—278° (decomp.), which were almost insoluble in alcohol (Found: N, 12-6. C,,H,,;N,C,H,O, 
requires N, 12-7%). The base crystallised from alcohol in long yellow needles, m. p. 129° (Found : 
N, 5-6. Cole requires N, 5-7%). 

5: 8 : 9-Trimethyl-3 : 4-benzacridine.—N-vic.-o-Xylyl-8-naphthylamine (4 g.), acetic anhydride 
(5 g.), and zinc chloride (10 g.) yielded a base (2-5 g.) which crystallised from alcohol—benzene in silky 
yellow needles, m. p. 126°, very soluble in benzene (Found: N, 5-0. CypH,,N requires N, 5-2%). The 
corresponding picrate formed long, dark yellow prisms, m. p. 218—220°, from nitrobenzene (Found : 
N, 11-4. Cy9H,,N,C,H,O,N, requires N, 11-2%). 

N-p-Xylyl-f-naphthylamine. —From pxviidine (25 g.), B-naphthol (20 g.), and iodine (0-1 g.) this 
amine (29 g.) was obtained as a pale yellow, viscous oil which reddened ra a! in the air, and set intoa 
crystalline mass, m. p. ca. 40°, after some weeks (Found: N, 5-4. oy requires N, 5-5%). 

8-Methyl-3 : 4- benzacridine.—Obtained from p-naphthol (10 g.), m-toluidine (10 g.), and 
paraformaldehyde (1 g.), this base formed fine, pale yellow needles (3 g.), m. p. 143° (from methanol), very 
soluble in benzene and alcohol (Found: N, 5-6. C,,H,,N requires N, 5-7%). The picrate formed short, 
silky, orange-yellow needles, m. p. 262—263° (decomp. and sublim.) from nitrobenzene (Found : N, 12-5. 
CasHisN, C,H,;O,N, requires N, 12-7%). The same substance was obtained in good yield by heating 

BR ery: with lead oxide at 350—380°. 
: 6 : 9-Trimethyl-3 : 4-benzacridine.—N-p-Xylyl-B-naphthylamine (5 g.) was heated at 220° for 
24 dad with acetic anhydride (5 g.) and zinc chloride (10 g.), and the resulting product treated in the 
ordinary way. The base (2-5 g.) was obtained in yellow prisms (from alcohol), m. p. 131—132° (Found : 
N, 5:2. CypH,,N requires N, 5-2%). The picrate crystallised from nitrobenzene in fine, silky, orange- 
yellow needies, m. p. 266—267° caer mp.) (Found: N, 11-1. CygH,,N,C,H,0,N,; requires N, 11-2%). 

8: 9-Dimethyl-I : 2-benzacridine.—The product obtained from a-naphthol (10 g.), vic.-o-xylidine 
(10 g.), and paraformaldehyde (1 g.) was a converted into a picrate (4 g.), which crystallised from chloro- 
benzene in long, 7. orange-yellow needles, m. ‘p. 160°, soluble in alcohol and benzene (Found : N, 11-6. 
C,,H,,N,C,H,O,N — N, 11-5%). The base formed yellow, silky leaflets, m. p. 96—97°, very 
easily soluble in ‘alcoho (Found : N, os 5. Cy H,,N requires N, 5-4%). 

8: 9- -Dimethyl-3 : 4-benzacridine. This base was obtained in a similar manner, but in better yield, 
from f-naphthol, vic.-o-xylidine, and paraformaldehyde. It crystallised from alcohol-benzene in long, 
silky, yellow needles, m. p. 148° (Found: N, 5:2. C,.H,,N requires N, 5:4%). Its picrate formed 
silky, orange-yellow prisms, m. p. 266—267° (with decomp. and sublim.) from chlorobenzene (Found : 
N, 11-4. C oH,,N, C,H,O,N; requires N, 11-5%). 

7-Pheny. Pi : 2-benzacridine. —Similarly obtained from a-naphthol (5 g.), p-aminodiphenyl (5 g.), and 
seuneemaiihatn (0-5 g.), this formed a picrate (1-5 g.), short, orange-yellow needles, m. p. 250—251°, 
(decomp.), from nitrobenzene (Found: N, 10-6. C,,;H,,N, C,H,O,N; requires N, 104%). The free 
base crystallised from alcohol—benzene in long, pale yellow prisms, m. p. 163° (Found : N,4-4. C,,;H,,N 
requires N, 45%). It distilled without decomposition above 450° at atmospheric pressure. 

7-Phenyl-3 : 4-benzacridine.—The base obtained from f-naphthol (5 g.), p-aminodiphenyl (5 g.), and 
paraformaldehyde (1 g.) crystallised from alcohol in long, ww. yellow, silky prisms (0-5 g.), m. p. 116°, 
very soluble in benzene and in hot alcohol (Found: N, 4:6. CHiN requires N, 4.5%). The picrate 
formed orange-yellow needles, m. p. 309—310° (decomp.) from nitrobenzene (Found: N, 10-8. 
C,3;H,,N,C,H,O,N, requires N, 10-4%). The hydrobromide crystallised from alcohol in tufts of silky 
yellow needles. 

N-Phenyl-4-methyl-a-naphthylamine.—Obtained from 4-methyl-c-naphthylamine (10 g.), aniline 
(15 g.), oak iodine (0: 1 g.) in the ordinary manner, this base formed a viscous yellow oil (15 g.), b. p. 
N 60%). mm., which set to a crystalline mass on standing (Found: N, 6-1. C,,H,,N requires 

0 

3 : 5-Dimethyl-1 : 2-benzacridine.—The base (2 5), obtained from the foregoing amine (5 g.), acetic 
anhydride (5 g.), and zinc chloride (8 g.), crystallised from alcohol—benzene in long, pale yellow, silky 
needles, m. p. 167° (Found: N, 5-6. C,,H,,N requires N, 54%). The picrate formed ordnge ON, 
prisms, m. p. 240—241° (decomp. above 235°), from chlorobenzene (Found : N, 11-2. C,,H,,N,C,H,O,N, 
requires N, 11-5%). 

N-o-Tolyl-4-methyl-a-naphthylamine. —This base was a viscous yellow oil, b. p. 240—250°/13 mm., 
Tr —* rapidly 5. exposure to the air and did not solidify even after 2 years (Found: N, 5 4. 

istti? » 5-6 

3:5: 9- rimethyl-1 : 2-benzacridine.—The picrate of wr base crystallised from ogy tog ~ 
orange-yellow prisms, m. p. 225—226° (Found: N, 11-4. C,9H,,N,C,H,O,N, r equines N, 11-2 2); 
free base formed long, silky, yellow needles, m. 127—128° (Found : N, 5-4. CoH 17N requires N, 5- aay 

N-o-Xylyl-a-naphthylamine.—This amine oi g.) was obtained from 3: 4-dimethylaniline (15 g.), 
a-naphthylamine (18 g.), and iodine (0-1 g.) in the form of a viscous yellow oil, b. p. 241—243°/12 mm. 
neon Se N, 5-6. C,,H,,N requires N, 5-6%). The addition compound with picric acid crystallised 
rom alcohol in long, silky, dark violet needles, m m. p. 121°. 

5 : 7: 8-Trimethyl-1 : 2-benzacridine.—The base (2-5 g.) obtained on heating the ong amine 
(5 g.) with acetic anhydride (5 g.) and zinc chloride (7 g.) at 220—225° for 4 hours wry Ly "% 


yellow needles, m. p. 144°, from alcohol—benzene (Found: N, 5-3. CyH,,N ; The 
eg separated from chlorobenzene in orange-yellow prisms, m. p. 255—25 Picsoend We ound : 
11-2. Cy H,,N,C,H,O,N, requires N, 11-2 2%). 


N-o-Xylyl-B-naphthylamine.—This amine (22 g.), obtained from 3:4-dimethylaniline (20 8.) 
B-naphthol (20 g.), and iodine (0-1 g.), formed long colourless prisms from alcohol, m. p. 116°, b. p 
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256—257°/15 mm. (Found: N, 5-4. C,,H,,N requires N, 5-6%). This amine is much less soluble in 
the ordinary solvents than are its isomers described above. 

5:7: 8-Trimethyl 3: 4-benzacridine.—The base formed faintly yellow needles from alcohol, m. p. 
176—177° (Found: N, 5-2. C,9H,,N requires N, 5-2%), and the picrate fine orange-yellow needles from 
nitrobenzene, m. p. above 285° (decomp.), very slightly soluble in chlorobenzene (Found: N, 11:4. 
CoH ,,N,CgH;0,N 5 et N, 11-2%). 

tsp abe thylamine.—From s-m-xylidine (10 g.), B-naphthol (10 g.), and iodine (0-01 g.), 
was obtained an amine (5 g.), b. p. 238—245°/15 mm., which crystallised from alcohol in long, glistening, 
colourless needles, m. p. 94°, extremely soluble in benzene (Found: N, 5-6. C,,H,,N requires N, 5-6%). 


TABLE I. 


5-Substituted 1 : 2-benzacridines. 


. Acid used M. p. (and N, %, 
Substituent. in prepn. Crystal form. b. p.). Formula. found. required. 
n-Butyric Yellow prisms 87° CyH,,N 5-0 52 
(280—282°/ 
2 mm.) 
isoValeric Glistening yellow 107 Cy, Hy N 5-1 4-9 


prisms 
Hexoic Silky glistening 84 C,,.H,,N 4-6 4-7 
needles 
n-Heptyl n-Octoic Almost colourless 60 C,,H,,N 4-4 4-2 
needles 
4-Heptyl : Di-n-propylacetic Soft silky 79 
needles (295—300°/ 
10 mm.) 
Nonoic Soft needles 48 C,;H2,N 
Decoic Long soft 51 
needles 
Stearic Silky colourless 82 Cy,H,,N 
needles (370—372°/ 
20 mm.) 
Benzoic Silky pale 140 C,3H,,N 
yellow prisms (320—325°/ 
18 mm.) 
Phenylacetic Silky yellow 145° C,,H,,N 
needles (300°/10 mm.) 


C,,4H,,N 4-2 4-2 


26Flay 


TABLE I(a). 
Picvrates of 5-substituted 1 : 2-benzacridines. 


N, %» 
Substituent. Crystal form.* M. p.f Formula. found. required. 
Yellow needles 237° T CygH ON, 11-4 11-2 
isoButyl Brilliant yellow 230—231t C,,H,,0,N, 11-2 10-9 
leaflets 
Silky CH, ‘wenn 194—-196 f Cy9H,,0,N, 10-3 10-0 
H 
Orange-yellow needles  200—202¢  CyH,,0,N, 10-2 10-0 
Silky yellow needles 176 C;,H3,0,N, 10-1 9-8 


(CoH) 
Silky yellow needles 155—156 C3,H;,0,N, 9-4 9-6 


Long soft needles 108 CyoH 02, 8-2 8-0 
(C,H 
Dark yellow prisms (Decomp. at C.95H,,0,N, 10-8° 10-5 
204—205°) 
Orange-yellow needles (Decomp. at  Cy9H O,N, 10-5 10-2 
220—222°) 


* All crystallised from nitrobenzene except where benzene is specified in parentheses. 
t M. p.s marked thus are with decomposition. 


5: 6: 8-Trimethyl-3 : 4-benzacridine.—The base (3 g.) obtained from the preceding amine (5 g.), acetic 
anhydride (5 g.), and zinc chloride (10 g.) crystallised from hot alcohol (very easily soluble) in beautiful 
pale yellow needles, m. p. 159—160° (Found: N, 5-3. C, 9H,,N requires N, 5-2%). The picrate formed 
silky, orange-yellowfneedles from nitrobenzene, which decomposed on being heated above 290° without 
having a definite m. p. up to 310° (Found : N, 11-4. C,9H,,N,C,H,O,N, requires N, 11-2%). 

Prepavation of 5-Substituted 1 : 2- and 3 : 4-Benzacridines.—The standard procedure employed in the 
preparation of the benzacridines listed in Tables I and II consisted in heating in a metal-bath N-phenyl-a- 
eae or the f-isomer with a large excess of the required acid and freshly-fused powdered zinc 
chloride. The duration (generally 24—36 hours) and the temperature (220—250°) of heating depend 
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upon the nature of the acid used, and are greater for long-chain aliphatic than for aromatic acids. The 
procedure for the treatment of the dark sticky mass obtained was the ordinary one, and vacuum- 
pencmmacia was extensively used for separation. In most cases, purification through the picrate was 
to obtain the solid base. Crystallisations were made from alcohol or alcohol-benzene, most 

a the benzacridines being very soluble in the latter. 
Oxidation of 5-Benzyl-3 : 4-benzacridine.—A mixture of this benzacridine (2 g.), selenium dioxide 
(1 g.), and dry xylene (20 c.c.) was heated under reflux for 6 hours; after filtration from the precipitated 
selenium, the solvent was removed in a vacuum, and the brown semi-solid residue dissolved in hot 
alcohol. The solid (0-5 g.) obtained on cooling was recrystallised from the same solvent, giving 5-benzoyl- 
3 : 4-benzacridine in microscopic bright yellow needles (Found: N, 4-5. C,,H,,ON requires N, 4-2%), 


Carcinogenic Nitrogen Compounds. 


TABLE II. 
5-Substituted 3 : 4-benzacridines. 
M. p. (and 


b. p.). 
108° 


Acid used 
in prepn. 
n-Butyric 


tsoValeric 


 %» 
Formula. found. ° required. 
C,H 17N §-1 5-2 


Cc, 1H i9N 5-2 5-0 


Substituent. Crystal form. 
Almost colour- 
less needles 
Glistening yellow 115 


leaflets (285—290° / 


12 mm.) 
Long silky 93 
needles (305—310°/ 


16 mm.) 
Long silky needles 
Soft almost 
colourless needles 
Long soft needles 


Long silky 
Long silky 


colourless needles 

Almost colour- 143 
less tufts 

Yellow micro- 209 
crystals 


TaBLeE II(a). 
Picrates of 5-substituted 3 : 4-benzacridines. 


M. p.t 
244—245° t¢ 


Hexoic C,,H,,N 


Diethylacetic 


C,,H 
Octoic 7 Te 


C,H. 35 


C,,H,,N 
CysHy,N 


C, oHyN 
C,H 17N 
C, 7H 1 iN 


Di-n-propylacetic 
onoic 


Decoic 


(322°/20 mm.) 
14—T75 


Phenylacetic 


a-Naphthy] ... e-Naphthoic 


Crystal form.* 
Golden-yellow 
leaflets 


Formula. 
CygHO,N, 


gave an intense greenis 


Glistening yellow 

needles 

Fine yellow 
needles 

Fine yellow 

needles (C,H,) 
Silky golden-yellow 
needles 


Fine yellow needles 
Fine yellow needles 
Glistening yellow 
leaflets 
Dark yellow 
needles 
Bright yellow 
prisms (C,H,) 


213—214 t 
225 t 
188—189 
182—183 
213—214 ¢ 
192 t 
180—181 
214—216 t 


241—242 ¢ 


Cs7Hy,0,N, 
C, sH,,0,N, 
CoH 3,02N, 
Cyl ,20,N, 


CyeH,,0,N, 


9-0 


* All crystallised from nitrobenzene except where benzene is specified in parentheses. 
+t M. p.s marked thus are with decomposition. 


plates from nitrobenzene, m. p. 257—259° (decomp.) 
5-a-Naphthyl-3 . 4: 5 : 6-dibenzacridine.—A mixture of gp-dinaphthylamine (2g 


Found: N, 10:1. 


m. p. 220—221° aes .), easily soluble in benzene; the substance darkened on exposure to the air, and 
-yellow fluorescence with sulphuric acid. The picrate formed glistening yellow 
fF Cy we requires N, 9-9%). 


(Benz, Ber., 1883, 


16, 17), a-naphthoic acid (2 g.), and zinc chloride (1 g.) was heated at 200—215° for 4 hours, during which 
much of the a-naphthoic acid lost carbon dioxide, giving a sublimate of naphthalene. The usual 
treatment with aqueous sodium hydroxide and toluene left a yellow residue. This base (0-2 g.) 
crystallised from x Nos. to give yellowish plates, m. p. 282° (with sublimation), almost insoluble in 
alcohol (Found : 3-5. C,,H HN requires N, 3-4%). The cit 0. formed dark yellow needles from 
chlorobenzene, m. p. 280—281° (decomp. ) (Found: N,9-1. C,,H,,0,N, ary es N, 8-8%). 

Note.—Many acridines very strongly retain traces of the solvents used for their crystallisation, and 
the analytical data i in this series of papers therefore relate to vacuum-distilled samples. 
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145. The Chemistry of Congo Copal. Part I. Source, Properties, 
and Subdivision of the Raw Resin. 


By Donatp A. SUTTON. 


The literature on the source and composition of Congo copal is reviewed. It has been found 
that Congo copal is a mixture of far greater complexity than had been reported and contains 
substances which range in molecular size from a liquid sesquiterpene to solid polycarboxylic acids 
of very high molecular weight. Dehydrogenation of one constituent of the resin yields 
1 ; 2: 5-trimethylnaphthalene, and this compound is also obtained in a similar manner from a 
thermal degradation product of a second constituent. The new findings will necessitate a 
revision of current hypotheses with respect to the reactions which occur when the resin is 
heated at temperatures in the neighbourhood of 300°. 


ConGo copal is a fossilised natural resin used in large quantities in the manufacture of varnishes 
and linoleum. It is usually considered to be the standard natural resin of the varnish maker 
who employes it for the production of high-quality varnishes. The fossil resin is not soluble in 
linseed oil, and industrially it is subjected to drastic heating (e.g., at 325°) in order to render it 
soluble so that varnishes can be prepared from it. 

Congo copal is dug up by native labour in the Belgian Congo, and is washed and then graded 
according tocolour, size,and hardness. The various grades range in appearance from transparent 
glass-like material to brown chips containing pieces of gritand bark. According to the standard 
works on natural resin technology it consists almost entirely of the fossilised product from 
Copaifera Demeusei Harms although a small percentage of the commercial resin may originate 
from C. Laurentii De Wild, C. Arnoldiana de Wild and Cynometra sessiliflora. The first is still 
abundant in marshy regions of the Belgian Congo, but no attempt is made commercially to 
obtain fresh resin by tapping living trees. The supply of fossilised Congo copal shows no sign 
of diminution and the existing deposits must represent a considerable tonnage. 

Composition of Congo Copal.—Congo copal was originally investigated by Engel (Arch. 
Pharm., 1908, 246, 293; Chem. Abs., 1909, 8, 640, 1758) under the supervision of Tschirch, 
whose general methods were used. Resins were fractionated by treatment with solvents which 
dissolved out some constituents preferentially. The solutions so obtained were shaken with 
one of a series of aqueous alkaline solutions, e.g., 1% ammonium carbonate, 1% sodium carbonate, 
and 1% potassium hydroxide, so as to extract the acidic components and to leave the neutral 
components in the solvent. Engel found 55—60% of Congo’ copal to be soluble in hot ether, 
the remainder was nearly completely soluble in ether-ethyl alcohol (1:1). The ethereal 
extract yielded an acid (50% of original copal) soluble in aqueous sodium carbonate; this acid 
was “‘ purified ” by conversion into the lead salt and the alcohol-insoluble portion of the latter 
gave a solid acid named ‘‘ Congo-copalic ’’ when treated with sulphuric acid. ‘‘ Congo-copalic ”’ 
acid, m. p. 115—118°, was believed to be a monocarboxylic acid of formula C,,H,,O,. The 
non-acids in the ethereal extract consisted of a terpene, b. p. 165—166°, volatile in steam 
(83—4% of original copal), and ‘‘ «-Congo-copal resene ”’ (5—6% of original copal) non-volatile 
in steam. The ether-ethyl alcohol extract gave ‘‘ Congo-copalolic’”’ acid, C,,H;,0;, m. p. 
108—110° (22% of original copal), and a neutral material named ‘‘ B-Congo-copal resene”’ (12% 
of original copal). Two other resins are also said to be derived from Copaifera Demeusei Harms, 
namely, Angola copal and Cameroon copal, but these have different compositions and also both 
differ from Congo copal according to Tschirch and Rackwitz (Arch. Pharm., 1907, 245, 423). 

Bauer and Gonser (Chem. Umschau, 1926, 38, 250), who re-investigated ‘‘ Congo-copalic ”’ 
acid, found that its molecular weight (Rast method) corresponded to C;,H,,O, and therefore 
stated that it was dicarboxylic. The iodine value corresponded to two double bonds per 
C3,H gO, molecule. Reaction with diazomethane yielded an oily methyl ester; treatment of 
the acid with nitric acid gave oxalic acid and a nitrogen-containing substance C,,H,,0,(NO,),. 
Dehydrogenation with sulphur failed to yield any recognisable aromatic structure. 

Mertens and Hellinckx (‘‘ Recherches sur le Copal Congo”’, Brussels, 1942; Chem. Abs., 1940, 
34, 3934) stated the composition of Congo copal to be: essential oils [including (—)-limonene], 5% ; 
“* Congo-copalic ” acid, C,;,H,,(CO,H),, 45% ; “‘ Congo-copalolic ”’ acid, C,,H,,(OH)-CO,H, 40% ; 
“‘resenes’”’, 10%. Experimenta evidence in support of this statement has not been given. 
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The position described is unsatisfactory from the chemical point of view and, in addition, 
the published information gives no clue to the reason for the excellent varnish-making properties 
of Congo copal. 

The Congo copal used throughout the present work was, except where otherwise stated, a 
representative sample of the grade known as “ No. 1 pale sorts”; no attempt was made to 
select clean or transparent pieces, except for optical tests. The refractive index and density 
are similar to the figures recorded by Mantell, Kopf, Curtis, and Rogers (‘‘ The Chemistry of 
Natural Resins,” John Wiley, New York, p. 88); the resin was found to be strongly levorotatory 
and to exhibit elastic recovery after being stretched whilst hot. The ether-insoluble fraction 
of Congo copal is also elastic when swollen with ether; these elastic properties suggested that 
high polymers were present and this was subsequently proved to be the case. 

Carbon and hydrogen percentages are close to those required for an empirical formula of 
(CopHs52-203-9)n; hence the hydrogen/carbon ratio is appreciably higher than that of the diterpene 
acids of formula C,.H,,O, found in colophony. In agreement with the ratio for the total 
resin, a high hydrogen/carbon ratio was found for several of the main constituents. 

A short examination was also carried out on the grade known as “‘ pale ivory ’’ which consists 
of opaque pieces having a milky white or pale yellow colour. 

It has been found that Congo copal is a mixture of far greater complexity than appears from 
the literature. Seven main fractions have so far been obtained and several of these may be 
capable of further sub-division. Some details are given briefly in the accompanying table and 
the fractions are then discussed separately in more detail. 


The Composition of Congo Copal. 


Formula 
based on 


Solubility 
Cand H 


in linseed 


Fraction. 
(i) Sesquiterpene 


(ii) Oxygen-con- 
taining neutral 
material 

(iii) Syrupy acid, 
** congoic ”’ 


(iv) Acidic 
material 


(v) Acidic 
material 


(vi) Acidic 
material 


(vii) Totally insol- 
uble material 


Congo copal 


centage. 
1—2 


100 


analysis, etc. 


Cc 1 Ha, 


)n 


(Cys. oH 3703) 


(CsoH 4sO3)n 


(CseH ass)» 


(CooHssOs)» 


(CypH59-20;-9)n 


Properties. 
Liquid, b. p. 
101°/3 mm. 


Viscous _ liquid 
mixture of 
high b. p. 

Thick syrup giv- 
ing methyl 
ester, b. p. 
140° /0-05 mm. 

M. p. 70—110°, 
A.V.* 123. 
Mixture of 
acids not 
readily esteri- 
fied. 

M. p. 175—200°, 
A.V. 115. 
Elastic when 
wet with sol- 


vent. Of high 
mol, wt. 


M. p. 140—165°, 
ACV. 115 


Solid; presum- 
ably of high 
mol, wt. 


oil. 
Soluble 


Soluble 


Soluble; methyl 
ester also solu- 
ble 


Insoluble but 
somewhat solu- 
ble in congoic 
acid—linseed 
oil 


Insoluble 


Insoluble 


Insoluble 


Partly soluble 


* Acid value in mg. of KOH per g. of substance. 
(i) The sesquiterpene is a liquid, b. p. 101°/3 mm., d2” 0°8933, n° 14935. Hence, 


Source. 

Ether and light 
petroleum ex- 
tracts 

Ether and light 
petroleum ex- 
tracts 

Ether and light 
petroleum ex- 
tracts 


Ether 
only 


extract 


Methyl alcohol- 
ether extract 
of ether insol. 
portion; pre- 
cipitated by 
addition of 
more MeOH 

Extracted as (v) 
but not pre- 
cipitated on 
addition of 

H 

Insoluble ma- 

terial left after 


extraction of 
fractions (i)— 


vi 
Original resin 


M[R1]p = 66°4 if M = 204°3, whereas a bicyclic hydrocarbon C,,H,, containing two double 
bonds requires 66°14. Quantitative hydrogenation at room temperature gave 2°1 double bonds 
per C,,;H,, unit. The hydrocarbon reacted with hydrogen chloride in ether at 0° to give a 
liquid dihydrochloride which on long standing deposited a small amount of a solid, m. p. 70—74° 
raised to 78—80° on recrystallisation from light petroleum. The properties of the sesquiterpene 
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and its dihydrochloride appear to be different from those of any known sesquiterpene. The 
data do not prove it to be homogeneous although the boiling range was unusually narrow. 
The 3—4% of terpene found by Engel in the resin was not found and the (—)-limonene reported 
by Hellinckx is also absent unless it occurs in the small fore-run obtained on rectification of 
the sesquiterpene. 

(ii) The material corresponding to ‘‘ a-Congo-copal resene’’ was obtained as a viscous 
residue of high b. p. after the sesquiterpene had been distilled from the non-acids of the ether- 
soluble portion of Congo copal. The fraction contained combined oxygen and was separated 
into a liquid distillate and a solid residue by distillation at 10“ mm., but these have not been 
further examined. 

(iii) The diterpene monocarboxylic acid has been provisionally named “ congoic ”’ acid to 
avoid confusion with the acids already named by Engel. It differs from ‘‘ Congo-copalic ” acid 
since it is not a solid, and its lead salt is soluble in alcohol; it was therefore missed in Engel’s 
fractionation of the resin. Congoic acid, unlike many resin acids, is readily esterified at room 
temperature with methyl alcohol containing a trace of toluene p-sulphonic acid. The corres- 
ponding methyl ester is a colourless liquid, b. p. 140—141°/0°05 mm., b. p. 78°/10* mm. ; 
a5" 0°9838, n° 1-4980. Hence, M[Rz]p = 94°83, which is close to the value 94°82 required for 
a bicyclic compound of formula C,,H,,0O, (M = 318°4) and having two double bonds; 
alternatively, if M = 320°4 (for C,,H;,0,), M[Rz]p = 95°43, whereas a bicyclic compound 
C,,H,;,O, having one double bond requires 98°30. Carbon and hydrogen estimations are not 
sufficiently accurate to enable a decision to be made between C,,H,,0O, and C,,H;,O, and 
further evidence is necessary before either can be finally accepted. The ester yielded 1 : 2 : 5-tri- 
methylnaphthalene on dehydrogenation with selenium at 300°. Quantitative hydrogenation at 
room temperature gave 12 double bonds per C,,H;,0,, and the iodine value corresponded to 
0°98 double bond per C,,H,,0,. The ester reacted with hydrogen chloride in ether at 0° to give 
a liquid Aydrochloride, the chlorine content of which corresponded to the saturation of 11 
double bonds per C,,H;,0,. The ester thus contains one reactive double bond and may possibly 
contain a second double bond which is less reactive. The boiling range of the final fractionated 
methyl ester was narrow, but the ester has not been proved to be homogenous since all attempts 
to prepare solid derivatives of “‘ congoic ’”’ acid (in order to crystallise to constant m. p.) have 
failed. It is hoped to report further on this acid later. 

(iv) This fraction is a mixture as its indefinite m. p. indicates. It is a solid acidic material 
obtained in considerable amount from the ether-soluble portion of Congo copal; it should 
therefore consist mainly of the ‘‘ Congo-copalic ’’ acid first described by Engel. It was converted 
into the lead salt, which was separated into alcohol-soluble and alcohol-insoluble portions. The 
former represented 20% of (iv) and gave a solid acid, m. p. 140—165°, when treated with dilute 
sulphuric acid as described by Bauer and Gonser (/oc. cit.); the analytical data corresponded 
approximately to the formula (C,,H,,O°CO,H),. Reaction of the acid with diazomethane 
yielded a methyl ester, m. p. 60—75°; M, 1400. This acid is thus a polymeric mixture corres- 
ponding approximately to (C,,H,,O°CO,H);. 

The alcohol-soluble lead salt represented 80% of (iv) and gave a syrupy acid when treated 
with dilute sulphuric acid. Reaction of the acid with diazomethane yielded a liquid methyl 
ester which was fractionated under low pressure into several portions none of which was definitely 
homogeneous. The distillates together weighed over 80% of the crude methyl ester, and that 
having the highest b. p. (180—210°/0°5 mm.) was a very viscous liquid of M, 419. 

From the results described above it is clear that the ‘‘ Congo-copalic ’’ acid described by 
Engel was a mixture of materials of high and of low molecular weight. These facts indicate 
that Bauer and Gonser were also working with a mixture which happened to give the molecular 
weight required for a substance of formula C,,H,,O,. 

(v) and (vi). These fractions are solid polycarboxylic acids and taken together they 
correspond to Engel’s ‘‘ Congo-copalolic ’’ acid since they are extracted by methyl alcohol-ether 
from the ether-insoluble portion of Congo copal. Fraction (v) is precipitated from methyl 
alcohol-ether solution by the addition of more methyl] alcohol, whereas fraction (vi) remains in 
solution. The analyses for (v) and (vi) correspond closely to an empirical formula of C,,H,,0; 
titration with alkali shows that approximately two-thirds of the oxygen present is in the form 
of free carboxyl groups and the formula must therefore be regarded as (Cy,H,,03),. By reaction 
with diazomethane the substance (v) was converted into a white solid methyl ester. The 
apparent molecular weight of the methyl ester was determined at a number of concentrations 
in benzene solution using Gee’s modification of the isothermal distillation method (‘‘ Advances 
in Colloid Science ’’, 2, 148, Interscience, New York, 1946; Trans. Faraday Soc., 1946, 42, 512; 
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1942, 38, 147); extrapolation of the results to infinite dilution gave a figure of 15,400 for the 
number average molecular weight, corresponding to a formula for (v) of (Cy9H,,O3)3,. It is 
probable that (v) and (vi) are polymers of the same kind but of different average molecular 
weight and that neither is a single entity but represents a mixture of various molecular sizes. On 
heating below 200° (v) gave off a considerable amount of water. Complete fusion and rapid 
decomposition occurred above 350°; an oil evolved in small amount at 370° yielded 1 : 2 : 5-tri- 
methylnaphthalene on dehydrogentation with selenium at 300°. The formation of this 
hydrocarbon from fractions (iii) and (v) would indicate a structural resemblance to agathic acid 
(Ruzicka and Hosking, Helv. Chim. Acta, 1931, 14, 203) if it could be established that cyclisation 
has not occurred during dehydrogenation. 

(vii) Carbon and hydrogen determinations on the totally insoluble fraction of Congo copal 
gave the same result as for (v) and (vi). None of the many solvents tried would dissolve fraction 
(vii), so determination of the nature and number of functional groups present has been impossible. 
The material swells toa jelly-like mass in some solvents and may be a cross-linked gel of “‘ infinite ”’ 
molecular weight. 

Pieces of pale ivory Congo copal often have a layer of transparent material on the outside 
covering an inner core of translucent or opaque resin, but the author has never yet seen a sample 
of the resin in which the relative positions of opaque and transparent material are reversed. It 
is thus possible that opaque resin is slowly acted upon by atmospheric influences (e.g., oxygen or 
light) and becomes converted into transparent resin. 32% of the sample of pale ivory Congo 
copal examined was insoluble (presumably cross-linked gel) as compared with 20% [fraction 
(vii)] in the case of No. 1 pale sorts, suggesting that a proportion of the cross-linked material 
becomes slowly depolymerised. Pale ivory congo copal gave very nearly the same percentages 
of carbon and hydrogen as No. 1 pale sorts. The ether extract was identical in amount and 
appeared to be essentially the same in properties as the corresponding extract from No. 1 pale 
sorts, but the ether-insoluble fractions of the two grades were totally different. In particular, 
material corresponding to fraction (v) was absent from pale ivory Congo copal whereas material 
corresponding to fractions (vi) and (vii) was greater in amount. 

Current hypotheses relating to the reactions which occur when Congo copal is rendered 
soluble in linseed oil by heating at about 300° (Mantell, Kopf, Curtis, and Rogers, op. cit., 
pp. 168—179) are based on previous literature statements about the composition of Congo 
copal. The fact that Congo copal contains a large proportion of a mixture of high polymers 
necessitates a revision of such hypotheses, and it is intended to publish a discussion of this 
matter elsewhere. 

EXPERIMENTAL. 

Properties of Congo Copal.—The resin [Found : C, 79-2, 79-4, 79-1, 76-4; H, 10-5, 10-7, 10-65, 10-75. 

Calc. for (CypHs9-201-91)8: C, 79:2; H, 10-7%] had d3° 1-045; n° 1-536; [a]#"—48°; A.V., 115. 


Small lumps were dropped into a Banbury mixer and masticated ‘for two hours; the warm mass showed 
elastic recovery after stretching. 


Cold-solvent Extraction of Congo Copal.—Generval technique. The resin was finely powdered by a 
mechanical pestle and mortar and transferred to storage bottles with ground-glass stoppers (greased to 
prevent the access of air), all within 2 hours in order to minimise air oxidation. Extractions with solvent 
were carried out at room temperature in rotating bottles, 2 1. of solvent usually being used to 250 g. of 


resin. The solution was decanted and evaporated in pure nitrogen, the residue being finally freed 
from solvent in a vacuum. 


Results. Solvent separation was carried out according to the scheme outlined below : 
No. 1 Pale sorts Congo copal 


Ether extraction 





| 
Insoluble fraction (50%) * Soluble fraction (50%) 


MeOH-Et,O (1:1) extraction 





Soluble fraction (28%) Insoluble fraction (22%) (CspH4s0s)n 
Addition of more MeOH 








: i 
Soluble fraction din phe maar Precipitate (20%) (CyoHys9s)n 


* Throughout this paper —— in parentheses, quoted after successive fractionations, etc., 
of Congo copal and debetinen abe - to % by weight of the original raw resin: 
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Extractions were carried out by means of various solvents, the approximate percentages of the resin 
dissolved being : 
Light petroleum, 
Solvent. » Pp. . Ether. MeOH-Et,0O (1: 1). Acetone. 
Percentage dissolved 50 80 20 


It is unnecessary to give full particulars of these extractions here since the simplest method for the 
preliminary sub-dividion of Congo copal was found to be that in the scheme outlined above, which is 
described in detail below. 

Ether extract. This varied in analytical constants according to the percentage of resin extracted, 
which depended on the amount of ether used with a given amount of raw resin; typical figures were : 


Fraction, and % extracted. AV. ne. [a]3o". Description. 
127 1-511 —32° Syrup 
135 1-517 _ Syrup 
139 _— —30 Solid of indef. m. p. ca. 60° 
130 1-514 —38 Syrup 


In a typical experiment the ether extract was subdivided as follows. The extract (100 g., 40% of 
original copal) was stirred with warm light petroleum (1500 c.c., b. p. 40—60°) for 30 minutes. The 
petroleum solution was cooled and decanted from the sticky precipitate, which was dried in a vacuum 
to yield a white solid (A) (25 g., 10%), m. p. 70—110°. The decanted solution was washed with dilute 
aqueous alkali to remove the syrupy resin acid (B) (57 g., 23%), leaving in solution the neutral 
material (C) (17 g., 7%). 

The solid (Ay should correspond to a crude preparation of the ‘‘ Congo-copalic ’’ acid described by 
Engel and by Bauer and Gonser. A sample of (A) was converted into the lead salt as follows. The 
fraction (20 g.) (Found: A.V., 129, 130) was dissolved in ethyl alcohol (100 c.c.) containing acetic acid 
(1-5 c.c.), the solution was boiled, and a boiling solution of lead acetate trihydrate (9-3 g., 7.e., theoretical 
quantity +10%) in alcohol (100 c.c.) containing acetic acid (1-5 c.c.) was added. After standing 
overnight at room temperature, the supernatant solution was decanted off and the insoluble lead salt 
remaining was washed twice with warm alcohol (total of 65 c.c.) and dried ina vacuum; the soluble lead 
salt was recovered by working up the combined filtrates. 

The insoluble lead salt, which represented 20% by weight of (A), was suspended in ether (100 c.c.) ina 
separating funnel, and an excess of alcoholic 1% sulphuric acid was added; after vigorous shaking, the 
lead sulphate was allowed to settle, and the ethereal solution was washed with water, dried, and evaporated 
to yield a white solid acid of indefinite m. p. 140—155° [Found : C, 79-4, 79-2; H, 10-4, 10-45; A.V., 133. 
(C.,H,,O°CO,H), requires : C, 78-9; H, 106%; A.V., 123], which was converted into the corresponding 
methyl ester, m. p. 60—75°, by reaction with diazomethane in ethereal solution containing a little ethyl 


alcohol [Found: M (Menzies—Wright, ebullioscopic in benzene), 1400. (C.gH,;O°-CO,CH;), requires 
M, 1410). 

The soluble lead salt, which represented 80% by weight of (A), was similarly converted into the 
corresponding acid, a thick syrup (Found: A.V., 129), and the latter was treated with diazomethane in 
ethereal solution to give an oily methyl ester which proved to be a mixture. Some of the methyl ester 
(10-3 g.) was fractionated at low pressure to give six distillates and a residue thus : 


Fraction, Properties and 
B. p. ne appearance. 
. 1-4938 Mobile liquid 
167—171/1 mm. 1-4998 Mobile liquid (Found: C, 79-1, 79-4; H, 11-1, 
11-15%) 
(A)iii 0-5 171/1 mm. 15012 Fairly viscous liquid 
(A)iv 2-3 160—170/0-5 mm. 1-5074 ies (Found: C, 78-2, 78:1; H, 10-95, 
10-95%). 
(A)v 0-9 170—180/0°5 mm. 1-120‘ Viscous liquid 
(A)vi 0-8 180—210/0-5 mm. 15165 Extremely viscous bey {[Found: C, 77-4, 77-6; 
H, 10-8, 10, 65%; (Menzies-Wright), 419] 
Residue 1-5 _ —_ Dark brown solid, m. p. 49— 


(B) is chiefly “ congoic ’”’ acid, which was readily esterified and thereby separated from the bulk of 
the remaining ‘‘ Congo-copalic ’’ acid as follows. To the light petroleum-soluble material (B) (163-5 g.) 


. Methyl esters 


Distillate (I) Residue (I) 


Fin 


Distillate (2) Residue (2) 


in a 1500-c.c. conical flask were added dry methyl alcohol (1100 c.c.) and toluene-p-su ~ ger acid (2 g.); 
the air above the solution was displaced by nitrogen, and the flask tightly stopper After standing 
for 7 days at 25°, the bulk of the methyl alcohol was quickly distilled off, water being added continuously 
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to keep the volume constant. The contents of the flask were poured into a separating funnel containing 
ether, and the remaining solid acids (46 g.) were washed out of the ethereal solution by dilute aqueous 
alkali, leaving the liquid methyl] esters (115 g.) in solution; the latter were recovered in the usual way. 
The methyl esters were fractionated at 78°/10~* mm. in a falling-film molecular still (Farmer and Sutton, 
J. Soc. Chem. Ind., 1946, 65, 164) according to the above scheme. 

The fractions had the following properties : 


Fraction, and wt., g: ne a. {a}? 
Original, 27 1-5015 i “ 
Residue (I), 6-1 1-5062 -— —40° 
Distillate (2), 2-65 1-4982 0-9811 31 
Residue (2), 7-9 1-5010 0-9874 —35 


* Todine value (Wijs, 1 hour) as g. of iodine per 100 g. of substance. 


Accumulated ester corresponding to Residue (2) above was distilled through a short column at 
0-05 mm. pressure to yield : 


Fraction. B. p./0-05 mm. ny. 
Residue [2] (54 g.) from molecular distillation — 
Distillate [3] (5 g.) 132—140° 
Distillate [4] (26 g.) 140—141 
IEEE cs ssisicacscvesanddtacdoratecceuntwaraasismembioninncreessénabehae abe 143—148 
Distillate [6] (7 g.) 
NE UE WO bias ssncncccensacescsacnonsssnecocsncesveinsseanaseseiessdensacuseeine 


Distillates [3] and [5] were re-fractionated at 0-05 mm. pressure to yield further amounts of b. p. 
140—141° and n}#*° 1-4980, which were combined with Distillate [4] to give a colourless liquid (33 g.) as 
the main methyl ester fraction of ‘“‘ congoic ”’ acid. 

Properties of methyl ester of “‘ congoic’’ acid. The ester had n}* 1-4980; d25° 0-9838; [a]?®” —32-5° 
{Found: C, 79-0, 78-7; H, 11-0, 11-2; M (Menzies—Wright), 329, 330; I.V., 78 per double bond. Calc. 
for C,,H,,0,: C, 79-2; H, 10-75%; M, 318-4. Calc. for C,,H,;,0O,: C, 78-7; H, 113%; M, 320-4; L.V., 
79-7 per double bond}. 

ydrogenation. The ester (0-8334 g.) in a mixture of methyl alcohol (50 c.c.) and pure acetic acid 
(5 c.c.) took up 70 c.c. of hydrogen, corresponding to the saturation of 1-2|= per C,,H,,O,. 

Hydrochlorination. Through the ester (1-0 g.) in dry ether (10 c.c.) kept at 0° was passed a great 
excess of dry hydrogen chloride during 90 minutes; the ether and excess of hydrogen chloride were 
removed in a vacuum, leaving the hydrochloride as a thick oil (Found: Cl, 10-7, 11-0. C,,H;,0,Cl 
requires Cl, 10-0%). 

Dehydrogenation. The ester (3-0 g.) was heated under reflux with selenium (2-0 g.) at 300° for 
2hours; the product was distilled to give a main fraction (0-6 g.) containing 1 : 2 : 5-trimethylnaphthalene, 
which was identified by preparation of its styphnate, crystallised from ethyl alcohol to m. p. 129° (mixed 
m. p. 130° with authentic imen * of m. p. 131°), and its picrate, crystallised from ethyl alcohol to 
> F; ‘4. (Found: C, 56-85; H, 4-4; N, 10-3. Calc. for C,;H,,,C,H,O,N,: C, 57-1; H, 4-3; 

, m O/* 

Fraction (C) was a yellow syrup which was subdivided into a distillable sesquiterpene and a residue 
consisting of a mixture of non-acidic oxygenated compound. A sample of (C) (33-3 g.) gave on fraction- 
ation through a short column at 3 mm. pressure : (C, 1) 0-6 g., b. p. <44°; (C, ii) 6-5g., b. p. 100—108°; 
(C, iii) 5-5 g.,b. p. 101°; the residue was a thick syrup [Found : & 81-9; H, 11-4. Calc. for (Cy¢.sH,,O),: 
C, 82-0; H, 11-3%], corresponding to Engel’s “‘ a-Congo copal resene ”’ (Joc. cit.), which was heated at 
150°/10~ mm. in a pot-still to give a viscous liquid distillate and a solid residue. The final sesquiterpene 
fraction (C, iii) was obtained by redistillation of (C, ii). ; 

Properties of the sesquiterpene. The sesquiterpene had the properties recorded on p. 677 and [a]? —10° 
eo 5 C, 87-8; H, 11-85; M (Menzies—Wright), 213, 214. C,,H,, requires C, 88-2; H, 11-8%; 

, 204-3). 

Hydrogenation. The sesquiterpene (0-2437 g.) in acetic acid (25 c.c.) and in the presence of Adams’s 
catalyst took up 56-5 c.c. of hydrogen (N.T.P.) in 25 minutes (Calc. for C,,;H,,/-,: 53-5 c.c.). 

Hydrochlorination. The sesquiterpene (1-0 g.) in dry ether (5 c.c.) was cooled to 0° and a large 
excess of dry hydrogen chloride was passed in during 75 minutes. After removal of solvent and excess 
of hydrogen chloride in a vacuum, the dihydrochloride was left as an oil (Found : Cl, 24-5, 24-8. C,,H,,Cl, 
requires Cl, 25-6%), n}° 1-5020, d?8° 1-055, whence, if M = 277-3, [Rz)p = 77-5 (Calc. : 76-8. On long 
standing, this deposited a few crystals of m. p. 70—74°, raised by recrystallisation from light petroleum 
to 78—80°. 

The ether-insoluble fraction. This swells in ether and is then elastic. In a typical experiment it was 
further subdivided thus: to the fraction (36 g., representing 48% of original copal) were added ether 
(200 c.c.) and methyl alcohol (200 c.c.); the bottle was then rolled mechanically for 12 hours. After 
standing for a few hours, the insoluble gel settled and the clear supernatant solution was decanted. The 
gel dried to a white solid (15 g., 20% of original copal), Fraction (vii) (p. 677) [Found : C, 78-85; H, 10-5. 
(CypH,,O03)2 requires C, 78-9; H, 10-6%]. To each 50 c.c. of decanted solution were added 80 c.c. of 
methyl alcohol to cause the precipitation of a polymeric acid as an elastic mass which became a white 
powder, m. p. 175—200°, on drying [Fraction (v), p. 677], and represented 20% by weig t of the original 
copal [Found: C, 79-1, 79-0, 78-7, 78-9; H, 10-4, 10-5, 10-6, 10-45; A.V.,115. (C,gH,,O°CO,H), requires 
C, 78-9; H, 106%; A.V., 123]. The substance still remaining in solution was isolated and finally freed 


* Kindly supplied by Professor L. Ruzicka. 
xx 
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from traces of solvent, in a vacuum, and proved to be a white solid, m. p. 140—165°, i.e., Fraction (vi) 
(p. 677) (Found: C, 78-4; H, 105%). ] 2. 

The precipitated polymeric acid. This acid, obtained by the addition of methyl alcohol to the solution 
as described above, was shown to contain no non-acidic material since nothing was extracted by organic 
solvents from an aqueous alkaline solution. It was converted into the methyl ester thus: the solid 
(10 g.) was dissolved in a mixture of dry ether (50 c.c.) and dry methyl alcohol (50 c.c.), an ethereal 
solution of diazomethane was added (Org. Synth., 15, 3) until a faint yellow colour persisted ; a precipitate 
was formed which was removed and dried at 10“* mm. to yield a white solid methyl ester (6-5 g.), m. p. 
130—180° [Found : C, 79-7; H, 10-55; A.V., 0. (Cg,;H59O3), requires C, 79-15; H, 10-7%; A.V., 0]; 
the portion of the methyl ester which had not been precipitated was obtained by evaporation as a white 
solid (2-7 g.), m. p. 100—130° (Found: A.V., 0). The molecular weight of the precipitated methyl 
ester was determined in benzene (carefully fractionated from ‘“‘ AnalaR’’ benzene) solution at seven 
concentrations, Gee’s method (loc. cit.) being used; molecularly distilled linseed oil (M, 880) was used as 
the standard substance; the results were : 


Concn. of methyl ester (g. perl.of C,H.) 16:4 | 20-7 65-5 122 125 163 195 
Apparent M  ....cccccccscccccscscovevcecoeee 15,600 12,900 12,300 10,820 9,650 8,170 9,160 


Extrapolation of these results to infinite dilution gave 15,400 for the number average molecular weight. 

Destructive distillation of the precipitated polymeric acid was first attempted by heating for 2 hours 
at 150—325°, followed by 1} hours at 325—340°, but the product was not completely soluble in linseed 
oil at 290° although considerable decomposition had occurred. More drastic heating was used in the 
second attempt as follows, the product being soluble in linseed oil. The polymeric acid (20 g.) was 
heated in a Pyrex bulb fitted with inlet and outlet tubes which was immersed in a bath of Wood’s metal 
kept at 350—370° for 2} hours during which a slow stream of pure dry nitrogen was passed through ; 
water (>0-5 g.) and carbon dioxide (>0-02 g.) were given off, leaving a brown residue (16-1 g.) in the 
bulb. Some of the residue (10 g.) was dissolved in ether and divided, by washing with dilute aqueous 
alkali in the usual way, into solid acids of m. p. 90—120° (5-01 g.) [Found : C, 80-9, 81-1; H, 10-4, 10-3; 
O (by diff.), 8-7, 8-6%; A.V., 98-5, 100], and viscous liquid non-acids (3-5 g.). 

The non-acids were heated in a vacuum to give a liquid distillate (0-5 g.), b. p. 122—126°/2 mm., 
which was dehydrogenated by heating with selenium at 300° for 12 hours; the total dehydrogenation 
product was heated in ethyl alcohol (1 c.c.) containing picric acid (0-1 g.), and on cooling, red needles of a 
picrate crystallised out which were recrystallised to m. p. 139—140° (mixed with an authentic specimen 
of 1:2: cg ee ye picrate of m. p. 140°, m. p. 139—140°). 

Pale Ivory Congo Copal.—The resin (Found: C, 79-6, 79-7, 79-5, 79-3; H, 10-4, 10-5, 10-8, 10-7%) 
was finely powdered, and subdivided by solvents in a similar way to that described above for the other 
copal, as in the scheme below : 


Pale ivory Congo copal 








Ether extraction 
Ee | ; 
Insoluble fraction (47%) Soluble fraction (53%) 
MeOH-Et,O (1: 1) extraction 
| led Addtn. of 
Insoluble fraction (32%) (CsgH4s0s)n Soluble fraction (15%) ae No ppt. 


The ether extract appeared to be similar in amount and properties to the corresponding extract from 
No. 1 pale sorts : 


Ether extract from : Resin, %. A.V. nr” [a]}?". 
Phe BOGE cccocccccccccccvecccnnseaceocccscocece 53 120 1-517 —30° 
No. 1 pale sorts ...... eecccees ecccccces eccccccece 52 130 1-514 —38 


The ether-insoluble fraction contained a white solid (15%) (Found: 77-7, 77-5; H, 10-5, 10-5%) 
which was soluble in methyl alcohol-ether; none of this was precipitated on addition of further methyl 
alcohol to the solution. The totally insoluble residue (32%) [Found: C, 78-7, 79-1; H, 10-6, 10-75. 
Calc. for (CygH4,O3), :' C, 78-9; H, 10-6%] was more than the corresponding fraction of No. 1 pale sorts. 


The author acknowledges experimental assistance from Miss D. I. S. Fisher and Mr. R. N. J. 
Barraclough and analytical work by Mr. C. Whalley. 

The above investigation forms part of a programme of fundamental research carried out at the 
rier oye Station, Teddington, and thanks are expressed to the Director and Council for permission 
to publish it. 
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146. The Effect of Moisture on the Hydrogen Bond in Carboxylic 
and Sulphinic Acids. 


By (Mrs.) W. G. WriGHT. 


The association of both carboxylic and sulphinic acids is shown to be increased by the 
presence of moisture. Sulphinic acids are more highly associated than carboxylic acids, and 
evidence points to the fact that they exist in solution as trimers and hexamers. In solution in 


pd — association of sulphinic acids appears to be similar to that exhibited by 
cohols. 


Carboxylic Acids.—If the structure of a carboxylic acid molecule in solution in a non- 
aqueous solvent can be represented as lying between the extreme forms (I) and (II), then 
the approach of a molecule such as a water molecule, which could interact with the hydrogen 
atom of the carboxylic group, would modify the structure towards structure (II). This might 
be expected to have some influence on the degree of association of the acid, and, for small 
quantities of moisture, this effect should be more marked in very dilute solutions, and decrease 
as the proportion of acid to water increases. 


O 
cH ZA 

(lL) R RC 
a Xo-n 


Measurements of the freezing-point depressions in very dry solvents were made, and com- 
pared with those in solvents containing moisture. The curves obtained by plotting the degree 


; Fic. 1. 
Association of benzoic acid in benzene. 














e i 4. A i iL 1 i i 1 1 L i 
4 4 5 6 7 6 9 OW i 1 
Moles x 107 / 1000 g. of solvent. 


(a) “‘ AnalaR ’’ benzene containing 0-0043 mole of water/1000 g. of solvent. 
(b) Dry “ AnalaR ”’ benzene. 


(c) Dry pure benzene. 


* “ AnalaR ”’ benzene containing 0-0023 mole of water/1000 g. of solvent. 
x——x Beckmann’s experiment. 





of association against the concentration in moles per 1000 g. are shown in Figs. 1—8. Inevery 
case the degree of association in the dry solvent was lower than in the solvent containing 
moisture. 

It is noteworthy that, in the case of benzyl alcohol where no such ionic hybrid is possible, 
the presence of water causes a decrease in the degree of association, as would be expected 
from the rise in dielectric constant (Brown and Bury, J. Physical Chem., 1926, 30, 694). 
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Benzoic acid. A detailed examination of the association of this acid was made, at lower 
concentrations than heretofore. The results are shown in Figs. 1 and 7. 


Fie. 2. 
Association of o-toluic acid in benzene. 





20 














7-0 iL i 1 l L L 1 
, os! ae oe © 
Moles x 10°*/1000 g. of solvent. 


(a) Containing 0-0197 mole of water/1000 g. of solution. 
(b) Dry “‘ AnalaR ”’ benzene. (c) Dry pure benzene. 


Fic. 3. 
Association of m-toluic acid in benzene. 





& 
Ss 











7 4 r r . + r l 1 
(a) 7 2 9 OD TH 
Moles x 10" iy 1000 9. of oheie. 





= 
oan 
b 





(a) Containing 0-0098 mole of water /1000 g. of solvent. (b) Dry. 


Beckmann (Z. physikal. Chem., 1888, 2, 715) used Kahlbaum benzene, dried, and distilled 
over sodium. By drying ‘“ AnalaR’”’ benzene and distilling over sodium, the results shown 
in Fig. 1, curve a, were obtained. It will be seen that the results of Beckmann, marked x—x—x, 
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lie very near this curve. The same benzene was then dried for 2 weeks over phosphoric oxide 
and distilled from fresh phosphoric oxide, and the results shown by curve b were obtained. 


Fie. 4. Fic. 5. Fic. 6. 
Association of p-toluic acid in benzene. Association of a- and B-naphthoic acids in benzene. 


20) 2 - ’ 






















































7 
. Soe ee ee ee Oe aS 
Moles x 10°“/1000 g. of solvent . Moles x 10°*/1000 g. of solvent. 
(a) Containing 0-0162 mole of watery /1000 g. of solvent. a-Acid. B-A cid, 
(b) Containing 0-0080 mole of water /1000 g. of solvent. 
(c Dry. 
Fic. 5. (a) Containing 0-0244 mole of water/1000 g. of solvent. (b) Dry. 
Fic. 6. (a) Containing 0-0244 mole of water /1000 g. of solvent. (b) Dry. 
Y Indicates point at which solution was saturated. 
Fic, 7. 
Association of benzoic acid in nitrobenzene, 
1-R 
b0 
V0 A iL i iL i i =| 1 i 1 1 1 i 
- -*.% o 1 73 


3 4 § 7 9 
Moles x 10* } 1000 g. of solvent. 


(a) Containing 0-0107, 0-0428, 0-1360 mole of water /1000 g. of solvent (all on same curve). 
(b) Dry and containing 0-0026 mole of water/1000 g. of solvent (on same curve). 


The difference in the number of water molecules present was calculated from the rise in freez- 
ing point of the benzene. Finally, benzene purified by recrystallisation many times, and 
dried and distilled from phosphoric oxide, was used, and the results shown in curve ¢ were 
obtained. 
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It is obvious that the degree of association is sensitive to very small amounts of water. 
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It is also raised by the presence of other impurities (curve 5). 


Fie. 8. 
Association of a- and B-naphthoic acids in 
nitrobenzene. 
Fic. 9. 
a- and B-Naphthalenesulphinic acids : rate of degradation 
of hexamer. 





18 





17 





SS ee ee 
60 FO 80 390 100 


6 L 

0 1 2 30 40 50. 
Minutes 

(a) © a-Acid, concentration 0-0104 mole /1000 g. of solvent. 

A p-Acid, concentration 0-0087 mole /1000 g. of solvent. 

(b) a-Acid, concentration 0-0128 mole/per 1000 g. of 














L i 1 l 1 1 
4 2,3 4 65 6 7 
Moles x 10°*/1000 g. of solvent. solvent. 
(a) B-Naphthoic acid, containing 0-0366 
mole of water /1000 g. of solvent. 
(b) B-Naphthoic acid, dry. 
(c) a-Naphthoic acid, containing 0-0386 
mole of water/1000 g. of solvent. 
(d) a-Naphthoic acid, dry. 
Fic, 10. Fic. 11. 
Association of benzenesulphinic acid in benzene. Association of toluene-p-sulphinic acid in benzene. 
Oa . 
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i 1 7 4. 
5 er Se ae Pe ae 
Moles x 10°*/1000 g. of solvent. 
(a) Containing 0-0244 mole of water /1000 g. of 











7 n n 
o 67 - - «. © 
Molesx10™/1000 g. of solvent. 
(a) Containing 0-1863 mole of water/1000 g. of 

(b) 





solvent. 


nt. 
In nitrobenzene (Fig. 7) the degree of association is raised by the presence of water, but is 
not so sensitive to small amounts. 0°0026 Mole. of water per 1000 g. of solvent had no effect 


on association. 
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The solvation of benzoic acid in undried benzene is extremely slow, whereas it is prac- 
tically instantaneous in the very dry solvent. Sidgwick has stated that an intermolecular 
hydrogen bond causes a decrease in the solubility in benzene (Sidgwick and Callow, J., 1924, 
527; Sidgwick, J., 1925, 907). 


Fic. 12. Fic. 13. 


Association of toluené-p-sulphinic acid in Association of benzenesulphinic acid in 
benzene. nitrobenzene. 

















1 1 1 1 1 iL 1 


a oy PS er ee ee 
3 Moles x 10/1000 g. of solvent. 











Ce oe 
Moles x 10°*/1000g. of solvent, 


Containing (a) 0-0244, (b) 0-0123, (c) 0-0113 (a) Containing 0-1360 mole of water /1000 g. of solvent. 
mole of water/1000 g. of solvent. (d) Dry. (b) Dry. 


In the moist solvent the dimer may be formed on the solid—liquid interface, thus inhibiting 
solvation. All carboxylic acids so far examined show this characteristic. 

Toluic acids. In pure dry benzene, p-toluic acid gave a curve identical with that of benzoic 
acid, and the effect of adding water was similar (Fig. 4). 0-Toluic, on the other hand, gave a 
slightly different curve in the pure dry solvent. The association was not quite so great, owing, 
probably, to a small degree of chelation between the methyl and the carboxyl group (Fig. 2). 
Curve b shows the association in dry ‘‘ AnalaR” benzene. The presence of impurities had 
the same effect as on the association of benzoic acid. In the presence of traces of moisture 


Fic. 14. 
Association of toluene-p-sulphinic acid in nitrobenzene. 











oe eT eT oe oe 
9 
Moles x 10” 2f; 1000 g. of solvent. 


(a) Containing 0-1360 mole of water/1000 g. of solvent. (b) Dry. 





o- and -toluic acids and benzoic acid all gave similar curves, M/M, (where M = apparent 
molecular weight and M, = formal molecular weight), reaching 1°9 at 0°07 mole per 1000 g. 
of solvent (Figs. 1, 2, 4, curves a). 

Naphthoic acid. Association was increased by the presence of water in both these acids 
(Figs. 5 and 6). In view of the low solubility of these acids in benzene, the experiments were 
repeated in nitrobenzene, with similar results. {§-Naphthoic is a little more highly associated 
than the a-acid. 

Sulphinic Acids—The effect of moisture on the association exhibited by these acids is 
even more marked than on the association of carboxylic acids. Phillips, Hunter, and Sutton 
(J., 1945, 146) have shown that the dative bond S--O of sulphones should be amended to 
S=O. If a similar structure be considered for sulphinic acids, possible resonance hybrids, 
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the relative importance of which may be affected by the presence of water, are shown in (III) 


and (IV). p 0 
(III.) RSC RS E (IV.) 
OH OH 


In nitrobenzene, in the presence of traces of water, trimers are formed (Figs. 13—16). In 
the case of «a- and @-naphthalenesulphinic acids, the freezing point depressions indicate the 
formation of hexamers on solvation, which break down slowly, in the course of 1—1} hours, 
to trimers. At approximately the same concentration a- and f-acids gave identical time curves 
(Fig. 9, curve a), and the rate of degradation increased with concentration (Fig. 9, curve b). 

. In very dry nitrobenzene the association of sulphinic acids is evidently of quite a different 
nature. A linear relationship between association and concentration is shown, similar to that 
exhibited by alcohols (Figs. 13—16). Since the acidity of carboxylic acids is attributed by 
Pauling (‘‘ The Nature of the Chemical Bond ’’) to the existence of the ionic hybrid, without 
which “‘ the acid strength would differ by only a small amount from that of an alcohol”, it 
may be that in a very dry solvent of high dielectric constant the ionic structure contributes 


Fie. 15. Fic. 16. 
Association of a- and B-naphthalenesulphinic acids in nitrobenzene. 
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7 2 3 7 2 3 
Moles x 10°*/1000 g. of solvent. 


/ 
‘ 
i 
/ 
| 
! 
/ 
‘ 
‘ 
‘ 
‘ 
U 














Fic. 15. a-Acid : 
(a) Containiing 0-1360 mole of water/1000 g. of solvent. 


(b) Dry 


Fic. 16. B-Acid : 
Containing (a) 0-1360, (b) 0-0157, (c) 0-0059 mole of water/1000 g. of solvent. 


(d) Dry. 


little or nothing towards the resultant, and the acids do, in fact, behave, as far as association 
is concerned, like alcohols. This change in the nature of the association in intensively dried 


solvent was shown by all sulphinic acids examined : 


In benzene, no lag in the stabilising of the freezing point occurred, but the degree of associ- 
ation was very high in the damp solvent (Figs. 10—12), indicating the presence of stable 
hexamers in undried solvents and of trimers in intensively dried solvent. No change in the 
nature of the association was indicated in dry benzene. 

The high dielectric constant of nitrobenzene probably accounts for the lack of stability 
of the hexamers in this solvent. 

The solubilities of B-naphthoic, $-naphthalenesulphinic, and benzenesulphinic acids were 
found to be greater in damp nitrobenzene than in the dry solvent. 

Benzenesulphinic acid, at 0°04 mole per 1000 g. concentration, gave M/M, 2°4, in dry benzene, 
whereas in the damp solvent, at the same concentration, the figures rose to 5°9 (Fig. 10). 

Toluene-p-sulphinic acid at the same concentration gave 2-2 in the dry solvent, and 5-2 
in the solvent containing moisture (Fig. 11). The association of this acid is sensitive to very 
small increments in the amount of water present (Fig. 12). 

a-Naphthalenesulphinic, which was very sparingly soluble in both solvents, gave M/M, = 3°3 
in dry benzene, and 5°6 in damp benzene; 1°3 in dry, and 2°8 in damp nitrobenzene, all at 0°01 


mole concentration (Fig. 15). 
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6-Naphthalenesulphinic acid was too insoluble in benzene for reliable observation, but in 
nitrobenzene gave M/M, = 1°85 in dry and 2°94 in damp solvent, both at 0°02 mole con- 
centration (Fig. 16). §-Naphthalenesulphinic acid was slightly more associated than the 
a-acid (compare #- and a-naphthoic acids, see earlier). 


Association of Benzoic Acid in Benzene (see Fig. 1). 


Moles Water in Method Moles Water in Method 
per moles per of per moles per 
1000 g. AT. M/M,. 1000. drying. 1000 g. AT. M/M,. 1000 g. 
0-0121 0-048° 1-29 0-0283 0-085° 1-71 0-0023 
0-0360 0-117 1-57 
0-0691 0-214 1-71 { Dry, puri- P,O,, 2 
0-1252 0-356 1-80 fied weeks 00153 0-046 
0-0109 0:0395 1-42 0-0382 0-108 
0-0240 00-0765 1-61 0-0841 0-224 
0-0487 0-146 1-71 0-1104 0-290 
peo eo a Dry “id An- P,O;, 17 ee (Z. oa Chem., 1888, 3, 715). 
alaR ”’) days pa 2 . 
0-1885 0-511 1-89 0-0459 — 1-83 $Kahlbaum Na 
0-1180 oo 1-92 


Association of Toluic Acids in Benzene. 


Moles Moles 
per Water in moles per 
Acid. 1000 g. ; . per 1000 g. Acid. 1000 g. 
See Fig. 2. See Fig. 3. 
Ortho- 0-0259 : Meta- 0-0099 
0-0371 : 0-0425 
0-0567 59 ( Dry. purified 0-0544 
0-0691 . 0-1064 
0-0081 See Fig. 4. 
0-0208 . Para- 0-0173 
0-0296 0- ° Dry, “ AnalaR ”’ 0-0263 
0-0419 , 0-0482 
0-0738 . 0-0193 
0-0128 , 0-0327 
0-0199 ‘]- 0-0670 
0-0551 ‘ 0-0118 
0-0673 . 0-0421 
3. 00514 
0-0103 . 0-0764 saturated 
0-0181 . 
0-0460 
0-0826 


Water in moles 


os 
sssesssss 
“18S @Oa-19 tS © 


Association of Naphthoic Acids in Benzene. 


Moles Water in Moles Water in 

per pe moles per 
Acid. 1000g. : ‘ 4 p id. ; AT. M/M,4. 1000 g. 
See Fig. 5. . 
a- 0-0048 . : 5 0-020° 1-34 

00140 0 0-088 79 } «(Dry 

0-0204 5 . . 0-027 1-90 “ 

0-0072 0- : . saturated 3 0-0244 

0-0106 

0-0263 


Association of Benzoic Acid in Nitrobenzene (see Fig. 7). 


Water in Method Moles Water in Method * 
moles per of per moles per of 
drying. 1000 g. : -. 1000 g. drying. 
0:0561 0- ‘ 0-0107 P,O,, 2 days 
Dry P,O,, 13 0-0327 m 


0-0732 0- ; 
days ' , 0-0428 Moisture 
= added 


0-1057 
0-0236 0: . 01360 Moisture 
0-0026 P,O,, 9 days added 


Pat tat bent fant et ft fd fet 
on 
SSShkonm 





Association of «- and B-Naphthalenesulphinic Acids (see Fig. 9). 


Moles per 


Moles per 
1000 g. 
0-0124 
0-0291 
0-0416 


1000 g. 
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Association of Naphthoic Acids in Nitrobenzene (see Fig. 8). 


AT. 
0-074° 
0-110 
0-152 
0-038 
0-078 
0-122 
0-164 
0-214 
0-276 


M/Mg. 
1-19 
1-28 
1-37 
1-00 
1-31 
1-43 
1-60 
1-63 
1-63 


Water in 
moles per 
1000 g. 


} Dry 


0-0386 


Acid. 
p- 


Moles 
per 
1000 g. 
0-0071 
0-0149 
0-0200 
0-0154 
0-0211 
0-0218 
0-0219 
0-0326 
0-0433 


AT. 
0-037° 
0-075 


M/Mg. 
1-34 
1-39 


saturated 


0-067 
0-087 


0-088 1 


0-090 
0-134 


1-61 
1-70 
‘73 
1-70 
1-70 


saturated 


Rate of degradation of the hexamer after solvation. 


Time 
(mins.). AT. 
0-102° 
0-019 
0-027 
0-027 
0-029 
0-018 
0-029 
0-032 


M|M,. 


Moles per 


Acid. 


a- 


B- 


1000 g. 


0-0087 


Time 
(mins.). 


AT. 
0-032° 
0-032 
0-011 
0-013 
0-018 
0-022 
0-022 
0-022 


Water in 
moles per 
1000 g. 


Dry 


M/Mg. 
2-80 


5-51 
4-66 
3°37 
2-71 
2-71 


Association of Benzenesulphinic Acid in Benzene (see Fig. 10). 


Water in moles Moles per 


Water in moles 


per 1000 g. 


1000 g. 
0-0140 
0-0207 
0-0221 
0-0366 


AT. 
0-014° 
0-019 
0-021 
0-032 


M/M,. 
5-11 
5-58 
5-40 
5-86 


per 1000. 


0-1863 


Association of Toluene-p-sulphinic Acid in Benezne (see Figs. 11 and 12). 


Moles per Water in moles 


1000 g. 
0-0103 
0-0157 
0-0240 
0-0333 
0-0556 
0-0746 
0-0036 
0-0135 
0-0260 
0-0496 
0-0625 


Acid. 


a- 


AT. M/M,. 


0-034° 
0-041 
0-061 
0-079 
0-128 
0-173 
0-018 
0-040 
0-061 
0-108 
0-131 


Moles 
per 
1000 g. 
0-0051 


1-55 
1-96 
2-02 
2-15 
2-22 
2-20 
1-03 
1-72 
2-19 
2-35 
2-44 


per 1000 g. 


Dry 


Moles per 
1000 g. 
0-0235 
0-0296 
0-0107 
0-0181 
0-0197 
0-0294 
0-0326 
0-0433 


AT. 
0-053° 
0-063 
0-025 
0-028 
0-029 
0-032 
0-037 
0-037 


M/Mg. 
2-27 
2-40 
2-19 
3-30 
2-76 
4-42 
4-52 
5-58 


Association of Naphthalenesulphinic Acids in Benzene. 


‘AT. 
0-010° 


Water in 


2-62 


AT. 


0-005° 


Water in moles 
per 1000 g. 


} 0-0123 


0-0244 


Water in 


0-0087 
0-0108 


0-008 5-75 


saturated 
saturated 


} 0-1863 


Association of Benzenesulphinic Acid in Nitrobenzene (see Fig. 13). 


Moles per 
1000 g. 
0-0073 
0-0274 
0°0346 
0-0509 
0-0933 


Water in moles Moles per 


AT. 
0-042° 
0-119 
0-143 
0-182 


M|M,. 


1-21 
1-61 
1-69 
1-95 


saturated 


per 1000 g. 


Dry 


1000 g. 
0-0384 
0-0561 
0-0716 
0-0976 


AT. 


0-100° 


0-140 
0-170 
0-227 


M/|Mg. 
1-97 
2-05 
2-16 
2-20 


Water in moles 
per 1000 g. 


0-1360 
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Association of Toluene-p-sulphinic Acid in Nitrobenzene (see Fig. 14). 


Moles per Water in moles Moles per Water in moles 
1000 g. AT. M/Mg,. per 1000 g. 1000 g. AT. M/M,. per 1000 g. 
0-0140 0-093° . 0-0296 0-094° 220 4 
0-0258 0-127 . Dry, in pre- 0-0418 0-123 2-38 
0-0337 0-145 ° sence of 0-0608 0-151 2-81 
0-0553 0-191 ° silica gel. 0-0737 0-173 2-99 
0-0719 0-220 . 0-0840 0-176 3-33 
0-0055 0-026 : 0-0923 0-193 3-35 
0-0121 0-046 . 0-1360 0-1096 0-214 3-59 
0-0156 0-053 0-1321 0-245 3-77 
0-0215 0-070 





Association of Naphthalenesulphinic Acids in Nitrobenzene. 


Moles Water in Moles Water in 
per moles per per moles per 
Acid. 1000 g. AT. M/|Mg,. 1000 g. Acid. 1000 g. AT. M/Mg. 1000 g. 
See Fig. 15. See Fig. 16. 
a- 0-0092 0-047° . p- 00076 0-042° 1-26 
0-0167 0-082 : 0-0138 0-062 1-56 D 
0-:0073 0-019 . 0-0199 0-075 1-85 ry 
0-0104 0-029 : 0-0210 saturated 
0-0109 0-027 : 0:0057 0-028 . } 0-0059 
00128 0-032 . 00098 0-041 S 
0-0243 0-062 . 0-:0091 0-031 f 
0-0080 0-021 : 
0-:0087 0-022 . \ 0-1360 
0-0240 0-056 . 
EXPERIMENTAL. 


Purity of Materials —May and Baker’s benzene was fractionally crystallised 7 times, and then kept 
over phosphoric oxide for at least 2 weeks, with frequent shaking and changing of the drying agent. 
As required it was distilled direct from fresh phosphoric oxide into the freezing point tube (f. p. of 
benzene, 5-51—5-52°). 

This benzene crystallised in hexagons on the sides of the vessel, and this hexagonal formation of 
crystals was retained on the addition of both water and solute. It is evidently not so much a sign 
of purity as of the absence of such substances as are adsorbed on the solid—liquid interface. Where 
this occurs there is a definite change in crystal form. Acetic acid causes benzene to freeze in long 
needles, owing to preferential adsorption of the impurity on certain faces of the crystal (Milligan, J. 
Physical Chem., 1929, 38, 1363; Marc and Wenk, Z. physikal. Chem., 1910, 68, 104). It is well known 
that coloured impurities are always deposited on the first batch of crystals, indicating that this adsorption 
is a common occurrence. 

“‘AnalaR’’ Nitrobenzene was dried over cag aa oxide and fractionated. The fraction boiling 
at 210—211° was kept over phosphoric oxide for 2 weeks; the freezing point was found to be unchanged 
by further drying (f. p. of nitrobenzene, 5-72°). 

All solutes were purified by recrystallisation and kept over phosphoric oxide, except benzene- 
sulphinic acid. This compound cannot be dried in this way, as it decomposes. It was therefore dried 
= - current of warm dry air, and cooled in a desiccator containing phosphoric oxide, immediately 

ore use. 

The sulphinic acids were prepared from the corresponding sulphonyl chlorides. Benzenesulphonyl 
chloride was reduced to the sulphinic acid by being shaken with a saturated solution of sodium sulphite 
for 4 hour at room temperature. a- and £-Naphthalenesulphinic acids were purified by crystallisation 
from chloroform. Benzenesulphinic was crystallised from ether, and subsequently precipitated from 
the ammonium salt. Toluene-p-sulphinic acid was treated in the same manner as benzenesulphinic 
acid. These precautions were necessary to remove traces of the sodium hydrogen sulphinate which is 
always precipitated with these acids, and is stable in acid solution. Absence of inorganic matter was 
verified by combustion in a weighed platinum crucible. 

Method.—The required solvent was distilled into the freezing-point tube. Dry air, or, in the case 
of sulphinic acids, nitrogen to prevent oxidation, was bubbled through dried solvent containing phos- 
phoric oxide at the freezing point of the solvent, and was then passed through the top of the freezing- 
point tube. Measurements of freezing point showed that this current of air or nitrogen, saturated 
with dry solvent, removed any traces of moisture which may have entered the apparatus during 
manipulation. 

As soon as a steady freezing point was reached the solute was introduced. The e of dry 
solvent vapour was continued throughout the experiment, thus removing any water which may have 
entered during the addition of the solute. 

This current of solvent vapour not only prevented loss of weight from the solvent, which a current 
of dry air alone would cause, but was itself a far more effective drying agent than dry air. All observ- 
ations were carried out on very dilute solutions to eliminate inaccuracies due to large differences in 
internal pressure. The depressions in freezing point (AT) were correspondingly small, and, to obtain 
as accurate results as possible, all conditions were kept constant, i.e. the temperature of the cooling 
bath, the depth of the freezing point tube in the bath, the depth of the bulb of the thermometer in the 
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solution, the degree of super-cooling, and the rise in temperature while the crystals were being melted. 
The temperature of the cooling bath was kept at 1-5° below the freezing point of the solution. Super- 
cooling was kept between 0-05° and 0-1°; thus comparatively few crystals were formed, and the strength 
of the solution was not materially increased on crystallisation. 

Solvents containing the required amount of moisture were prepared by mixing dry solvent with 
solvent saturated at room temperature. Freezing-point observations in the damp solvent were made 
in a current of air or nitrogen, which had been first dried, and then passed through some of the same 
solvent, at its freezing point; thus no more moisture was introduced. Measurement of the freezing 
point of the solvent in the bubbler both before and after the experiment showed that it was not 
appreciably dried during the course of the experiment. A fairly large volume was used. 

For purposes of calculation the freezing-point lowering constant was taken as 5-12° for benzene and 
6-99° for nitrobenzene. 


- Thanks are due to Dr. J. Kenyon, F.R.S., for his interest in this work. 
BATTERSEA POLYTECHNIC. [Received, March 22nd, 1948.] 





147. Molecular Weight and Structure of the Acid Potassium 
Compounds of «- and $-Naphthalenesulphinic Acids. 
By (Mrs.) W. G. WRIGHT. 


The compound of a-naphthalenesulphinic acid with its potassium salt is shown to be the 
acid salt of the hexamer. Decomposition products of this compound in solution are described 
containing varying proportions of the acid and the potassium salt. The bond O-K<O is 
found to be very stable, and to confer on the compounds certain properties resembling those of 
the acid potassium compound of f-naphthalenesulphinic acid. A structure is suggested for 
this compound. 


a-NAPHTHALENESULPHINIC acid forms a compound with its potassium salt which crystallises 
with two molecules of alcohol one being retained on heating up to 105°. The substance melts 
at 38°, is soluble in organic solvents and insoluble in water. The analogous compound of the 
8-acid contains no alcohol, is insoluble in cold water, and neither melts nor dissolves in organic 
solvents (Balfe and Wright, J., 1938, 1490; Wright, /., 1942, 263). 

In order to find the reason for this great difference, the behaviour and molecular weight of 
the a-compound in organic solvents have been investigated. 

In nitrobenzene the complex is shown to be a-(AK,alc.), where ‘‘ A’’ represents a molecule 
of the acid, and ‘‘ K’’ represents a molecule of the potassium salt. Unless otherwise stated, 
all experiments have been carried out with the substance «-(AK,alc.), and not with the sub- 
stance a-(AK,2alc.),, as the second molecule of alcohol is lost at the melting point, or on 
desiccation, and cannot, therefore, be regarded as part of the structure of the complex. 

Decomposition in dilute benzene solutions is too rapid to allow of molecular-weight deter- 
minations in this solvent, but an examination of the decomposition products throws much light 
on the structure of both the a- and the $-acid compound. 

The a-compound undergoes progressive decomposition in benzene solution, the rate of 
degradation and the nature of the products varying with the concentration, the temperature, 
and the dryness of the solution. No uniform behaviour has been observed, but, in general, 
«-AKKK separates from the more concentrated solutions, «-AKK from the more dilute solu- 
tions, and «-AAKKK from mother liquors after separation and filtration of the other compounds. 

These three substances may be characterised as compounds and not mixtures of the acid and 
potassium salt, or of one another, by their behaviour on heating, and by their solubilities in water. 

1. None shows the charring at a little over 100° characteristic of the acids. 

2. a-AKKK has been obtained in two successive fractions from the same mother liquor ; 
it is soluble in water, but decomposed on dilution. It yields no naphthalene on heating, until 
200° is reached, and is only slightly darkened at this temperature. It cannot, therefore, be a 
mixture of A and K, AK and K, or AKK and K, as both AK and AKK give naphthalene on 
being heated to 105° and 100° respectively. 

3. a-AKK is decomposed by water, yields naphthalene at 100°, but does not melt or char 
until ca. 185° is reached. It cannot, therefore, be a mixture of K and A, or K and AK. 

4. a-AAKKK is soluble in water, without decomposition, is uncharred until 170° is reached, 
and yields no naphthalene on being heated, so it cannot be a mixture of A and K, AK and AKK, 
or A and AKKK. 

The presence of other complexes in the solutions, containing a larger proportion of acid, is 
inferred from a comparison of the very low solubility of the acid in benzene (less than 0°0108 
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mole per 1000 g. of solvent, see previous paper) with the weight of acid retained in the solution 
from which these potassium complexes have separated (0°217 mole per 1000 g. of solution, 
p. 695). Moreover, this retention of sparingly soluble acid, and insoluble potassium salt in 
solution, precludes the possibility that a-(AK,alc.), breaks down into molecules of the normal 
potassium salt and the acid, and that these molecules undergo rearrangement to form the com- 
plexes isolated. As these substances contain no alcohol, it is assumed that loss of alcohol 
precedes the disintegration of the complex. «-AKK does, in fact, separate with two molecules 
of water from an undried benzene solution of «-(AK,alc.),. The alcohol is also progressively 
lost by desiccation or under reduced pressure. At 20 mm./40—42° a constant weight is reached 
at the end of about 3 hours, and the composition of the resultant substance is found to be 
6(AK),3alc. At 30°/<2 mm. the same substance is produced, whilst at 40°/<2 mm. the 
alcohol content is lowered to two molecules. On leaving (AK,alc.), in a vacuum desiccator 
for ten days, 6(AK),3alc. is again produced, and at the end of three weeks all the alcohol is lost, 
and a thick gum is formed, which is still soluble in benzene, and gives the original substance 
on treatment with alcohol. The substance a-(AK), is less stable in organic solvents than 
a-(AK,alc.),, but gives similar complexes on decomposition. 

A substance having the composition «-AKK,3H,O has been synthesised by the addition of 
% of an equivalent of alcoholic potash to «-naphthalenesulphinic acid. This substance separates 
from the aqueous alcoholic solution. It melts at 45°, is soluble in organic solvents, and possesses 
all the properties of a chelated compound. When it is warmed to 48°, one molecule of water is 
lost, and the substance immediately solidifies, becomes insoluble in organic solvents, and regains 
all the characteristics of the anhydrous compound, and of the dihydrate, obtained by the 
decomposition of «-(AK,alc.), in benzene solution. On desiccation at room temperature the 
trihydrate begins to melt, as it becomes mixed with its decomposition product «-AKK,2H,O. 
This substance is obtained fully crystalline after two days’ desiccation at room temperature 
over calcium chloride. 

It is evident that, in these decomposition products of «-(AK,alc.),, the potassium atom is 
present in three states : 

1. As an ion, in those compounds soluble in water, e.g., at least one of the atoms of potassium 
in a-AKKK and «-AAKKK. 

2. As a link connecting molecules of the potassium salt with one another, and/or with the 
acid, the resulting compound having a low melting point, and being soluble in organic solvents 
and insoluble in water, e.g., in a-(AK,alc.),, «-(AK),, and «-AKK,3H,O. These potassium 
atoms are probably surrounded by a complete octet of electrons in the manner made familiar 
by many sodium compounds having similar properties, e.g., the sodium compound of benzoyl 
acetone (I) (Sidgwick and Brewer, /J., 1925, 127, 2379). The potassium atoms probably com- 
plete their octets by some space arrangement of molecules whereby the necessary electrons are 
attracted from the oxygen atoms of the carboxylic group and the alcohol. As many such 
arrangements are possible, no one is indicated. 

That the molecules of potassium salt may be connected with one another, and not only 
through the acid, is indicated by the formation of such a compound as «-AKKK from a-(AK,alc.)., 
and by the fact that the normal potassium salt of toluene-p-sulphinic acid melts to a clear 
liquid under chloroform, but returns to the familiar unmelting salt on removal of the chloroform 
(Wright, J., 1940, 860). Some complex is obviously formed involving co-ordination through 
the potassium atom. 

3. As a link connecting molecules of potassium salt with one another and/or with the acid, 
producing compounds which are insoluble or sparingly soluble in both water and most organic 
compounds, soluble in chloroform, and much more sparingly soluble in alcohol than the normal 
potassium salt. They are very stable, and unchanged by prolonged heating at 150—200°, 
é.g., in a-AKK, a-AKK,2H,O, and the potassium atoms connecting the molecules in «-AKKK 
and «-AAKKK. 

That a-AKK,3H,O changes from type “‘ 2” to type “‘ 3”’ on the loss of one molecule of 
water at such a low temperature as 48° indicates that the difference is one of the number of 
electrons round the potassium atom only, and O—-K<O is suggested for this stable link. 
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Additional evidence is offered by a comparison with the sodium derivative of the phenyl 
ester of phenyl o-hydroxyphenylsulphonate, which has the structure (II), and possesses similar 
properties, viz., m. p. 220—230°, ready solubility in chloroform, sparing solubility in organic 
solvents; and with a similar derivative of phenyl salicylate, which has m. p. 193—195° and is 
sparingly soluble in water (Tozer and Smiles, /., 1938, 1897). 

From its similarity to all these compounds in group “‘ 3,’’ (III) is suggested for the structure of 
68-AK. Evidence of the hydrogen bond in both a-(AK,alc.), and B-AK is found in the fact, 
that although both acids form stable brucine salts in cold alcoholic solution, the acid potassium 
compounds are not affected by brucine in alcohol at ordinary temperatures. 

On heating a-(AK,alc.), to 105°, some sulphur dioxide and naphthalene are liberated, and 
quantitative determinations have revealed that only one molecule of acid decomposes in this 
way, the rest of the complex disintegrating, at the same time, into a mixture of potassium 
bydrogen sulphate, ««’-naphthyl disulphoxide, and a yellow substance not identified. 

Conclusion.—The difference between the acid potassium compound of the a-acid and that 
of the f-acid is found in the fact that, since the a-compound is a complex composed of many 
molecules, with many ways in which electrons can be attracted from neighbouring oxygen 
atoms, the potassium atom in it is completely chelated, and the compound has the properties 
associated with such an arrangement. 

The 8-compound, from its similarity to compounds known to possess a single group O—Na<-O, 
and to compounds produced by the degradation of the a-compound having similar properties, 
has a structure in which the potassium atom is co-ordinated with one oxygen atom only, as 
O—K<O. 

It is suggested that the inability of the single acid potassium molecule to form a compound 
containing a completely chelated potassium atom, is evidence that the four-membered ring 
(IV) cannot be formed. 

EXPERIMENTAL. 


The method of molecular-weight determination has been described (previous paper). Nitrobenzene 
containing moisture was used, as a-(AK,alc.), is more stable in the damp than in the dry solvent. The 
solution remained clear for the duration of the experiment, but after some hours became cloudy, with 
deposition of the normal potassium salt. This was accompanied by a large depression in the freezing 


point, owing to release of alcohol in the solution. 

The a-(AK,alc.), was prepared by the addition of } equivalent of alcoholic potash to the acid crystals, 
and evaporation of the resultant solution in a vacuum desiccator in a refrigerator. The substance is 
only produced by slow evaporation at low temperatures. 

Wherever a deposition of normal potassium salt is recorded, the composition of the substance was 
ascertained by a potassium determination. The acid was identified by the determination of a mixed 
melting point with a pure specimen. 

For the molecular weight of the acid potassium compound of a-naphthalenesulphinic acid in nitro- 
benzene, the following results were obtained: (a) moles per 1000, 0-0172; AT, 0-020°; M/M, (see 
previous paper), 6-06; (b) moles per 1000, 0-0306; AT, 0-036; M/Mg, 5-99. 

Acid Potassium Compounds of a-Naphthalenesulphinic Acid.—Compound a-AKK. (AK,alc.), (0-5 g.) 
was dissolved in dry benzene (17-5 g.). Rapid decomposition took place, with deposition of the compound 
a-AKK (Found : K, 12-18. Cy9H.20,.53K, requires K, 11-96%). 

(AK, alc.), (0°35 g.) was dissolved in dry benzene (17 g.); a-AKK was deposited. After being washed 
with ether, this gave K, 12-23%. This compound was insoluble in organic solvents, and was unmelted 
at 180°. It was insoluble in water, and slowly decomposed in water with precipitation of the acid. It 
was sparingly soluble in alcohol. 

Compound a-AKK,3H,O. The trihydrate was formed when alcoholic potash (16-4 c.c., 0-357N., 
$ mol.) was added to the acid (1-686 g., 1 mol.), and the solution evaporated to dryness and washed 
with ether. The substance, m. p. 45° [Found: C, 50-8; H, 3-78; K, 11-26; loss at 48°, 2-26. 
Cy9H,,0,5,K,,3H,O requires C, 51-0; H, 3-97; K, 11-05; loss of H,O, 2-55], was soluble in benzene 
and chloroform, decomposing in hot chloroform, with deposition of the normal potassium salt. Ina 
vacuum, or at 48°, it first melted and then solidified, forming the dihydrate. At 100° some naphthalene 
was slowly evolved. The compound was decomposed by water, with precipitation of the acid. 

Compound a-AKK,2H,O. The dihydrate was produced when the trihydrate was kept in a vacuum, 
in a refrigerator, for 48 hours. It was decomposed by water with precipitation of the acid, and was 
insoluble in benzene, and soluble in chloroform. It was unmelted and uncharred at 170°, at which 
temperature it turned yellow. It charred at 185°. On prolonged heating at 100° some naphthalene 
was evolved (Found: K, 11-54. C39H,,0,S,K,,2H,O requires K, 11-34%). 

The compound was also formed when a solution of (AK,alc.), in chloroform was allowed to stand, 
filtered from the precipitated potassium salt, and evaporated to dryness, and the residue washed with 
ether to remove acid (Found: K, 11-38%); when a solution of a-(AK,alc.), in benzene was evaporated 
to dryness, and the residue washed with ether (Found: K, 11-5%); and when a-(AK,alc.), was rubbed 
with a little benzene and then washed with benzene (Found: K, 11-25%). 

Dry solvents were not used, and water was apparently taken from these, or from the air, or both. 

Compound a-AKKK. This (0-9088 g.) was precipitated when a-(AK,alc.), (2-18 g.) was dissolved 
in benzene (12-77 g.) and kept at 6-0° until the freezing point of the mixture was constant, i.e., until no 
further precipitate was being formed. The precipitate was filtered off and washed with benzene. It 
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was soluble in absolute alcohol, but decomposed on standing with deposition of the normal potassium 
salt. It was soluble in a little water, but decomposed on dilution with precipitation of the acid. 

The compound was insoluble in organic solvents, and did not lose naphthalene at 100°. It was 
unchanged by prolonged heating at 180° but was slightly darkened at 200° (Found: K, 13-47. 
CyoHy9O.S,K; requires K, 13-27%). The calculated weight of acid remaining in solution after the 
precipitation of this substance was 0-217 mole per 1000 (cf. the solubility of the free acid, less than 
0-0108 mole per 1000; previous paper). 

On evaporating this mother liquor a further crop of crystals was obtained having the same com- 
position after being washed with ether (Found: K, 13-42%). Acid only was found in the residue. 
This substance was also precipitated when (AK,alc.),, which was kept in a vacuum desiccator until all 
alcohol was lost, was dissolved in benzene (Found: K, 13-5%). 

Compound a-AAKKK. This was precipitated when a-(AK,alc.), (0-1406 g.) was dissolved in benzene 
(12-77 g.) and kept at 6°. It was soluble and stable in water, the solution being acid to litmus. It was 
insoluble in organic solvents, and uncharred at 180°. It did not lose naphthalene at 100° (Found : 
K, 10-11. CygH 370.5;K, requires K, 10-9%). 

It was also produced when a-(AK,alc.),, which had lost all alcohol in a vacuum at 40° was dissolved 
in benzene, and the precipitated a-AKKK filtered off. The solution was stable for some hours ; a-AAK KK 
then separated in beautiful crystals (Found: K,10-9%). Acid only was obtained from the mother liquor. 

a-(AK), = a-AKKK + a-AAKKK + 3a-A. 

Brucine a-Naphthalenesulphinate Dialcoholate—This compound was formed when brucine (2-95 g., 
1 mol.) and a-naphthalenesulphinic acid (1-44 g., 1 mol.) were mixed in cold alcohol. A white solid 
slowly ye m. p. 168° (Found, after recrystallisation from absolute alcohol: S, 4-27. C;,H,,O,N,S 
requires S, 4-7%). 

Stability of a-(AK,alc.), in Brucine Solution.—a-(AK,alc.), (8-16 g., 1 mol.) and brucine (8-125 g., 
1 mol.) were dissolved in alcohol and left in a desiccator for 1 week. A mixture of crystals and gum 
was produced. The crystals were found to be unchanged brucine (after recrystallisation from alcohol, 
and drying, m. p. and mixed m. p. with original brucine, 175°). The gum was soluble in chloroform, 
and a-(AK,alc.), was obtained from this solution, m. p. 38°; i.e., there was no reaction between the two 
substances in the cold. On boiling a mixture of the two substances in alcohol, evaporating the solution, 
and extracting the residue with alcohol, very sparingly soluble crystals of the brucine sulphinate were 
deposited (m. p. 168°) and normal potassium a-naphthalenesulphinate was recovered from the mother 
liquor. 

’ Brucine B-Naphthalenesulphinate.—f-Naphthalenesulphinic acid (1-177 g., 1 mol.) and dried brucine 
(2-415 g., 1 mol.) were dissolved in alcohol and evaporated to dryness in a desiccator. The residue was 
dissolved in a small volume of alcohol, in which it was very soluble, added to an equal volume of water, 
and allowed to evaporate slowly in a desiccator. Very large crystals of the dihydrate of brucine B-naph- 
thalenesulphinate were formed, which, on further desiccation dropped to pieces, with the formation of 
the monohydrate. 

For the dihydrate (Found : loss at 100°, 5-39. C,;H;,0,N,S, H,O requires loss of 2H,O, 5-79%). For 
the monohydrate (Found: S, 5-02; loss at 100°, 3-13. CasHaOgsS, H,O requires S, 5-20; loss of H,O, 
2-98%). For the anhydrous compound [Found: M (by titration), 583. C,,;H,,0,N,S requires M, 586]. 

tability of B-AK in Brucine Solution.—Brucine (1-6 g., 1 mol.) was dissolved in alcohol, and p-AK 
(1-45 g., 1 mol.) was added. §-AK is very sparingly soluble in alcohol, whereas the brucine salt of the 
acid is very soluble. After 2 days, the B-AK was still undissolved, showing that it was unacted upon 
by the brucine at ordinary tem tures. The mixture was then refluxed for 4 hour; solution was then 
complete. On evaporation, cubical crystals were deposited first.. After long drying in a vacuum these 
gave M (by titration), 574; 7.e., the normal brucine salt had been formed. From the very small mother 
liquor, needle-shaped crystals of the normal potassium salt separated. 

Decomposition of a-(AK,alc.),6alc.—Crystals of this substance were heated in a U-tube in a current 
of nitrogen which had previously been bubbled through a guard tube containing barium chloride. After 
passing through the U-tube the nitrogen was bubbled through two bottles containing hydrogen peroxide, 
and finally through a guard tube containing barium chloride. There was no precipitate formed in the 
latter. The U-tube was heated for 24 hours at 140° in an oil-bath; naphthalene then collected in the 
leading tubes (m. p. and mixed m. p. 80°). The hydrogen peroxide solutions were then titrated against 
standard sodium hydroxide solution (Found : loss in weight, 24-4; SO,, 2-25. Calc. for loss of 12 alc., 
1 mol. of CygHg, 1 mol. of SO,: loss, 24-1; SO,, 2-08%). 

Removal of Alcohol from a-(AK,alc.), and a-(AK,alc.),,6alc.—a-(AK,alc.),,6alc. was heated to 40— 
42° in a tube, connected with a water pump, for 6 hours (Found: loss, 13-6. Calc. for loss of 9 
alc.: loss, 13-35%). a-(AK,alc.), was (i) heated to 30° in a tube connected with a high vacuum 
pump, until the weight was constant (Found : loss, 4-78%); (ii) left in a vacuum desiccator for 10 days 
(Found : loss, 4:35. Calc. for loss of 3 alc. : loss, 4-91%). 

Production of a-(AK),2alc.—a-(AK,alc.), was heated to 40° in a tube connected with a high vacuum 
pump (Found : loss, 6-25. Calc. for loss of 4 alc. : loss, 6-55%). 

voduction of a-(AK)..—a-(AK,alc.), was left in a vacuum desiccator for 3 weeks (Found: K, 9-38. 
C yap 992,512 K requires K, 9-24%). 

The substance was a thick gum, soluble in benzene. The solution in benzene was filtered into a 
little alcohol, and the resultant a-(AK,alc.),,6alc. thrown out by the addition of light petroleum (b. p. 
ri ol [Found: K, 7-85; loss at 88°, 9-03. Calc. for a-(AK,alc.),,6alc.: K, 7-59; loss of 1 alc., 

95%). 


BATTERSEA POLYTECHNIC. [Received, March 22nd, 1948.} 
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148. Contributions to the Chemistry of isoQuinolines. Part I. The 
Synthesis of Diamino-\-phenylisoquinoline Methiodides in a Search 
for New Trypanocides, with Some Observations on the Nitration of 
1-Phenylisoquinoline. 

By A. McCousrey and D. W. MarHIEsoN. 


Whereas isoquinoline undergoes nitration in the 5 and 8 positions (Andersag, Med. u. Chem. 
Abh. med. chem. Forsch. I.G. Farbenind., 1934, 2,377; Chem. Zentr., 1934, I, 3595), 3 : 4-dih 
derivatives have been found to substitute in position 7. Quaternary derivatives of basically 

. substituted 1-phenylisoquinolines have been prepared and examined for trypanocidal activity. 


CONSIDERATION of the trypanocidally active 9-phenylphenanthridinium compounds (I) and 
(II) (Morgan and Walls, J., 1938, 389; Walls, J., 1945, 294) prompted the query whether this 
molecule could be simplified without loss of activity. 


2 
(III.) 


Ehrlich (Berlin klin. Woch., 1907, 44, 282) had earlier prepared (III), (IV), and (V), which can 
be regarded as modifications of the phenanthridine structure in the light of later publications, 
and noted these to be devoid of trypanocidal activity. The hetero-nitrogen is, however, non- 
quaternary, a fact which might be expected to reduce considerably any activity in these types 
of compound (Morgan and Walls, Joc. cit.; see Oesterlin ‘‘ Chemotherapie ”’, pp. 140—148) as 
would the presence of but one primary amino-group (cf. Morgan and Walls, J., 1931, 2447). 

Lack of information on the possible therapeutic effect of the isoquinoline moiety prompted 
the examination of diamino-1-phenylisoquinolinium salts derived as shown from the 9-phenyl- 
phenanthridinium structure (VI). The corresponding 3 : 4-dimethyl analogue was prepared in 
order to ascertain (a) whether the nucleus ‘‘ A’”’ (VI) could be replaced, as in the carcinogenic 
field, by two methyl] groups, and (6) if the 3 : 4-dimethyl grouping led to a reduction of toxicity 
(cf. Sugasawa and Sugionoto, J. Pharm. Soc. Japan, 1941, 61, 26). 
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(IV. (VI.) 

The ready availability of 2-phenylethylamine seemed to offer the simplest route to such 
isoquinoline derivatives, and from the appropriately substituted benzoyl derivatives the 
following 3 : 4-dihydroisoquinolines were synthesised by Bischler—Napieralski cyclisation using 
phosphoric oxide or phosphorus oxychloride: 1-phenyl- (Spath, Berger, and Kuntara, Ber., 
1930, 63, 138; Pictet and Kay, Ber., 1909, 42, 1973), 1-p-nitrophenyl- (Rodionov and 
Yavorskaya, J. Gen. Chem. Russia, 1941, 11, 446), and 1-m-nitrophenyl- (idem, ibid., 1943, 18, 
491), from which were obtained, by dehydrogenation with palladium black, 1-phenyl- (Spath 
et al., loc. cit.), 1-p-nitrophenyl-, and 1-m-nitrophenyl-isoquinoline. 

Ethyl 6-hydroxy-$-phenyl-«-methylbutyrate (Rupe, Steiger, and Fiedler, Ber., 1914, 47, 68; 
Burton and Shoppee, J., 1935, 1160; Kloetzel, J. Amer: Chem. Soc., 1940, 62, 1708) when heated 
with iodine (Hibbert, J. Amer. Chem. Soc., 1915, 37, 1748) gave ethyl «8-dimethylcinnamate and 
thence by catalytic reduction ethyl 6-phenyl-a-methylbutyrate (Ruzicka e¢ al., Helv. Chim. Acta, 
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1932, 15, 140). Hydrolysis to 8-phenyl-«-methylbutryic acid followed by Curtius degradation 
of the carboxyl group afforded 2-amino-3-phenylbutane (cf. U.S.P. 2,394,092). The 
p-nitrobenzoyl derivative was cyclised to 1-p-nitrophenyl-3 : 4-dimethyl-3 : 4-dihydroisoquinoline 
in poor yield by being refluxed with either phosphorus oxychloride or phosphoric oxide in toluene, 
the product being characterised as the picrate. In either case a considerable proportion of 
p-nitrophenyl cyanide was also produced (see below). 

Nitration of 2-phenylethylamine gave 2-p-nitrophenylethylamine (Ehrlich and Pistschimuka, 
Ber., 1912, 45, 2431) characterised as the picrate and tosyl derivative.. Cyclisation of the p-nitro- 
benzoyl derivative by either phosphoric oxide or phosphorus oxychloride gave 17-nitro-1-p- 
nitrophenyl-3 : 4-dihydroisoquinoline in extremely poor yield, the main product being 
p-nitrophenyl cyanide. Indeed, this low yield might have been expected from the deactivating 
influence of the nitro-group (a) (VII) on the 2-phenylethylamine moiety : 


(a) NO _NCHy'CHyNH-CO-C,HyNO, (b) (VIL) 


and that this deactivation was operative was supported by our inability to cyclise N-benzoyl-2-p- 
nitrophenylethylamine in more than 1°9% yield, while, as noted above, N-p-nitrobenzoyl-2- 
phenylethylamine gave the required isoquinoline in good yield. Similar treatment of 
N-m-nitrobenzoyl-2-p-nitrophenylethylamine gave mainly m-nitrophenyl cyanide and a small 
proportion of 17-nitro-1-m-nitrophenyl-3 : 4-dihydroisoquinoline. Formation of these cyanides 
recalls the reactions of the so-called imino-chlorides of von Braun (Ber., 1904; 37, 2818; cf. 
Hantzsch, Ber., 1931, 64, 667). Dehydrogenation of the above 3: 4-dihydro-derivatives of 
isoquinoline gave 7-nitro-1-p-nitrophenylisoquinoline and 7-nitro-1-m-nitrophenylisoquinoline. 

In view of the very small yields obtained in the above cyclisations an approach via the 
2-(p-acylamidopheny]l)ethylamines was attempted. Fries and Bestian (Annalen, 1937, 583, 72) 
have described the preparation of 6-benzamido-1-methy]-3 : 4-dihydroisoquinoline by cyclisation 
of N-acetyl-2-(m-benzamidophenyl)ethylamine. Accordingly N-p-nitrobenzoyl-2-(m-benzamido- 
phenyljethylamine was synthesised and subjected to attempted cyclisation under identical 
conditions to those of the acetyl derivative described above. Much charring resulted, and 
only small amounts of unchanged starting material were isolated. Attempts to synthesise 
2-(p-acetamidophenyl)ethylamine met with small success, as the catalytic reduction of 
p-nitrocinnamic acid to §-p-aminophenylpropionic acid proved difficult, and subsequent 
acetylation of the crude reaction product gave the required 6-p-acetamidophenylpropionic acid 
in only very poor yield.* 

In the course of determination of the orientation of a nitro-group following nitration the 
following synthesis was also carried out. o-Chlorobenzaldehyde (from o-chlorobenzoic acid by 
the method of McFadyen and Stevens, J., 1936, 584) was condensed with malonic acid to yield 
o-chlorocinnamic acid and thence, by reduction, §-o-chlorophenylpropionic acid, Curtius 
degradation of which afforded 2-o-chlorophenylethylamine in good yield (Buck, J. Amer. Chem. 
Soc., 1933, 55, 2594, records hydrochloride, m. p. 204°). Cyclisation of the p-chlorobenzoyl 
derivative gave 5-chloro-1-p-chlorophenyl-3 : 4-dihydroisoquinoline and thence 5-chloro-1-p- 
chlorophenylisoquinoline. : 

Nitration Studies.—Treatment of 1-p-nitrophenylisoquinoline with potassium nitrate and 
sulphuric acid (d, 1°84) gave a dinitrophenylisoquinoline which by analogy with isoquinoline 
itself (Le Févre and Le Févre, J., 1935, 1470; Tyson, J. Amer. Chem. Soc., 1939, 61, 183) 
appeared to contain the second nitro-group in position 5 of the isoquinoline ring. Oxidation 
with potassium permanganate in acid solution gave, however, ~-nitrobenzoic acid and not the 
expected nitrophthalic acid, while +-nitro-l-p-nitrophenylisoquinolinium methiodide on 
treatment with alkaline potassium permanganate gave no useful product. Accordingly 
x-nitro-1-p-nitrophenylisoquinoline was reduced to the diamino-derivative and thence by a 
Sandmeyer reaction to 5-chloro-1-p-chlorophenylisoquinoline, shown to be identical by m. p. and 
mixed m. p. with the synthetic sample above. 

Nitration of 1-phenylisoquinoline yielded a dinitro-derivative which on the basis of the 
present work is assigned the structure 5-mnitro-1-m-nitrophenylisoquinoline. This substance 
proved to be photosenstive, the initial pale yellow crystalline form becoming pink on exposure 
to light, moderately quickly in the solid state and much more so in solution. In view of adverse 
biological results no further work was carried out on this compound. 

During dehydrogenation experiments an attempt was made to utilise nitric acid to oxidise 

* 2-(p-Acetamidophenyl)ethylamine had m. p. 91° in ment with Swiss P. 125,375. Gabriel and 
owstatens (Ber., 1882, 15, M44} record m. p. 143°. re 
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1-phenyl-3 : 4-dihydroisoquinoline (Rodionov and Yavorskaya, Joc. cit.). Instead of the 
1-phenylisoquinoline claimed by these authors, however, there was obtained a dinitro-compound 
(cf. Gilman and Gainer, J. Amer. Chem. Soc., 1947, 69, 1946) the ultra-violet absorption spectrum 
of which suggested that it still contained the 3: 4-dihydro-grouping. This was confirmed 
following its identification as 7-nitro-1-m-nitrophenyl-3 : 4-dihydroisoquinoline by comparison 
with an authentic sample. Nitration of 1-m-nitrophenyl-3 : 4-dihydroisoquinoline yielded the 
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7-Nitro-1-p-nitrophenyl-3 : 4-dimethylisoquinoline 
5-Nitro-1-p-nitrophenylisoquinoline 
7-Nitro-1-p-nitrophenylisoquinoline 

oh ee A eB sees: 
7-Nitro-1-p-nitrophenyl-3 : 4-dihydroisoquinoline 
7-Nitro-1-m-nitraphenyl-3 : 4-dihydroisoquinoline 


same product, and subsequent dehydrogenation of either sample gave 7-nitro-1-m-nitrophenyl- 
isoquinoline. 1-p-Nitropheny]-3 : 4-dihydroisoquinoline yielded on nitration 7-nitro-1-p-nitro- 
phenyl-3 : 4-dihydroisoquinoline identical with a synthetic sample above. Nitration of 
1-p-nitropheny]-3 : 4-dimethyl]-3 : 4-dihydroisoquinoline introduced a _ second nitro-group 
assigned on the basis of the present work to the 7-position, and dehydrogenation of this by 
palladium black gave 7-nitro-1-p-nitrophenyl-3 : 4-dimethylisoquinoline. Although this has not 
been proved by unambiguous synthesis the structure is supported by the ultraviolet absorption 
spectrum. 

: Spectra.—Light extinction curves were measured over the entire range with a band width 
of 1 my or less using a Beckmann Spectrophotometer (model DU), cell thickness lcm. Ethyl 
alcohol was used as a solvent for all compounds (see Figure). 





[1949] the Chemistry of isoQuinolines. Part I. 699 


Quaternary Salis.—1-Nitro-1-m-nitrophenyl-, T-nitro-1-p-nitrophenyl-, 5-nitro-1-p-nitrophenyl- 
and 7-nitro-1-p-nitrophenyl-3 : 4-dimethyl-isoquinoline methiodide were prepared by interaction 
of the above dinitro-1-phenylisoquinolines with methyl sulphate in nitrobenzene and subsequent 
conversion into the iodides. Reduction with iron dust in boiling aqueous solution gave the 
corresponding 7-amino-1-m-aminophenyl-, 7-amino-1-p-aminophenyl-, 5-amino-1-p-aminophenyl- 
and 17-amino-1-p-aminophenyl-3 : 4-dimethyl-isoquinoline methiodide. These last were tested 
in vivo in the form of their methoacetates against T. equiperdum and T. congolense. None of 
these compounds showed noteworthy activity. 


EXPERIMENTAL. 


p-Nitrophenylethylamine (Ehrlich and Pistschimuka, Joc. cit.) was characterised as the picrate, which 

rystallised from ethanol in yellow prisms, m. p. 152—158° (Found: N, 17-7. C,,H,,;0,N, requires 

N, 17-7%), and as the tosyl derivative which crystallised from ethanol in cream coloured plates, m. p. 
153° (Found ° N, 8-8. C,,H,,0,N S uires N, 8-8%). 

Ethyl aB-Dimethylcinnamate-—Ethy B-hydroxy-f-phenyl-a-methylbu te (25 g.) and iodine 
(0-5 g.) were heated at 120—130° for 0-5 hour; water and iodine distilled. The residue was washed 
first with sodium thiosulphate solution and then with water, dried (CaCl,), and distilled. The product, 
a pale yellow liquid (21 g.; 92%), had b. p. 132—135°/13 mm. 

-Phenyl-a-methylbutyric Acid.—Ethy] af-dimethylcinnamate (50 g.) in alcohol (200 c.c.) was shaken 
with hydrogen and Raney nickel (2 g.) at ans be ry and pressure. 0-85 Mol. of hydrogen 
was absorbed in 8 hours. The resulting ester (40-2 g.; 80%) had b. p. 135—140°/19 mm.; it (11-4 g.) 
was refluxed for 2 hours with a solution of ——— hydroxide (6 g.) in 25% aqueous ethanol (40 c.c.). 
The solution was washed with ether and acidified, and the resulting oil taken up in ether and dried. The 
ry Aa g-), > p. 102—110°/0-01 mm., crystallised from benzene-light petroleum in prisms (6-4 g. ; 

%), M. p. 132°. 

2-A mino-3-phenylbutane.—B-Phenyl-a-methylbutyric acid (20 g.) was left overnight with thionyl 
chloride (20 c.c.). Excess of thionyl chloride was removed under reduced pressure, and the product 
added dropwise to a stirred solution of sodium azide (14-8 g.) in 50% acetone (350 c.c.) at ca. 5°. The 
solution was extracted with benzene, and the extract thoroughly dried (CaCl,), then decanted and 
refluxed until evolution of nitrogen was complete (1 hour). Hydrochloric acid (d 1-16; 40 c.c.) was 
added, and refluxing continued until evolution of carbon dioxide ceased. The acid layer was separated, 
basified, and extracted with ether, and the extract was dried and distilled. The product, a colourless oil 
(16-1 g.; 96%), had b. p. 109—111°/14 mm.; it readily absorbed carbon dioxide. 

N-Acyl-2-phenylethylamines.—The requisite 2-phenylethylamine or its hydrochloride (1 mol.) was 
dissolved in dey pyridine (10 mols.), and the appropriate acyl chloride (1-1 mols.) was added portionwise 
with cooling if necessary. Reaction was completed by 1 hour’s heating on the steam-bath, and the 
solution was then cooled and poured into ice-water. The acylamide was collected and recrystallised 
from ethanol. The following were thus prepared (yields in parentheses): N-p-nitrobenzoyl-2-p-nitro- 
phenylethylamine (71%), m. p. 195° (Found: C, 57-0; H, 41; N, 13-3. C,,H,,0,N, requires C, 57-2; 
H, 4:1; N, 13-3%); N-benzoyl-2-p-ni henylethylamine (91%) (Barger and Walpole, -, 1909, 95, 
174), m. p. 162°; N-benzoyl-2-phenylethylamine (83%) (Bischler and Napieralski, Ber., 1893, 26, 1907), 
m. p. 113°; N-p-nitrobenzoyl-2-phenylethylamine (82-5%) (Braun, Dengel, and Jacon, Ber., 1937, 70, 
994), m. p. 151°; N-m-nitrobenzoyl-2-p-nitrophenylethylamine (74-5%), m. p. 145° (Found : N, 13-3%); 
N-m-nitrobenzoyl-2-phenylethylamine (62%), m. p. 125° (Rodionov and bi Be J. Gen. Chem. 
Russia, 1943, 18, 491, give m. p. 119—120°) (Found: N, 10-4. Calc. for C,,H,,O,N,: N, 10-4%); 
N-p-nitrobenzoyl-2-m-benzami wlethylamine (88%), m. p. 174° (Found: N, 11-0. CogHsONs requires 
N, 10-8%); N-p-chlorobenzoyl-2-0-chlorophenylethylamine (87%), m. p. 86° (Found: N, 4-8; Cl, 24-1. 
C,5H,,ONCI, requires N, 4-8; Cl, 24-1%). 

2-p-Nitr amido-3-phenylbutane.—2-Amino-3-phenylbutane (5-4 g.) was shaken with a solution 
of sodium hydroxide (2-0 g.) in 50% acetone (60 c.c.) while ew rig chloride (8 g.) was added 
portionwise, the temperature of the mixture being kept at ca. 20°. Water (100 c.c.) was added, and the 
mixture cooled to 0° and filtered. The residual compound was air dried, and ised from benzene 
to yield yellowish needles (8-8 g.; 80%) of indefinite m. p. (138—143°) (Found : C, 69-2; H, 5-8; N, 9-6. 
C,;H,,05N, requires C, 68-5; H, 6-0; N, 9-4%). 

1-Nitro-1-p-nitrophenyl-3 : 4-dihydroisoquinoline.—(a) bd sects ph nitrophenylethylamine 
(5 g.) was heated with phosphoric oxide (30 g.) in boiling ni mzene (125 c.c.) for l hour. -The mixture 
was cooled, treated cautiously with water, and left overnight. Nitrobenzene was removed in steam, and 
the residue filtered hot. A white solid, which —— in the condenser towards the termination of 
steam distillation, crystallised from hot water in plates (A), m. p. 148—149°. The filtered solution was 
basified and cooled in ice; a small amount of solid ine material was precipitated ; it crystallised 
from a large bulk of ethanol in small glistening pale ye ay (B) (0-6 g.; 12-7%), m. p. 205° (Found : 
C, 60-2; H, 3-8;.N, 14-2. C,,H,,0,N, requires C, 60-6; H, 3-7; N, 142%). This proved to be 7-nitro- 
I-p-nitropheny-3 4-dihydroisoquinoline (ci. below). 

itrobenzoyl-2-p-nitrophenylethylamine (5 g.) was heated with phosphorus oxychloride 

C.) i iling nitrobenzene (50 c.c.). After 15 minutes, aluminium chloride (0-2 g.) or stannic chloride 
(0-2 c.c.) was added, and the mixture heated for a further 45 minutes. Nitrobenzene was removed 
under reduced — and the residue extracted with ether to give p-nitrophenyl cyanide as a white 
solid (1-5 g.) whi” tystallised from ethanol in colourless plates (m. p. 148° undepressed in admixture 
with an authentic specimen), identical with uct (A) above (Found : C, 56-8; H, 3-3; N, 18-3. Calc. 
for C,H,O,N,: C, 56-8; H, 2-7; N, 18-9%); Borsche (Ber., 1909, 42, 3597) gives m. p. 149°. The 
ether-insoluble material was extracted with hot water; the solution on basification gave a 
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yellow crystalline material which crystallised from a large volume of ethanol in pale yellow prisms 
(0-3 g.), m. p. 205°, identical by mixed m. p. with the product (B) above. 

7-Nitro-1-phenyl-3 : 4-dihydroisoquinoline.—N-Benzoyl]-2-p-nitrophenylethylamine (5-7 g.) was heated 
in nitrobenzene (50 c.c.) with phosphoric oxide (13 g.) for 1 hour. The product crystallised from 
alcohol—ether in small colourless prisms (0-1 g.; 1-9%), m. p. 203° (Found: N, 11-8. C,;H,,0,N, 
requires N, 11-1%). 

1-p-Nitrophenyl-3 : 4-dihydroisoquinoline (Rodionov and Javorskaya, 1941, loc. cit.).—N-p-Nitro- 
benzoyl-2-phenylethylamine (5 g.) was refluxed in diphenyl ether or tetralin (100 c.c.) with phosphoric 
oxide (13 g.) for 0-5 hour. The product (3-45 g.; 74%) had m. p. 120°. 

7-Nitro-\-m-nitrophenyl-3 : 4-dihydroisoquinoline.—N - m- Nitrobenzoyl -2--nitrophenylethylamine 
(5 g.) was refluxed in nitroberizene (75 c.c.) with phosphoric oxide (14 g.) for 1 hour. The product 
crystallised from ethanol in yellow prisms (0-1 g.), m. p. 167°, giving no depression with the nitration 
product of 1-phenyl-3 : 4-dihydroisoquinoline. By working up the product as in (b) above, m-nitro- 
phenyl cyanide (1 g.), m. p. 114—115°, was isolated, giving no depression with an authentic specimen. 

1-m- Nitrophenyl-3 : 4-dihydroisoquinoline.—N -m- Nitrobenzoyl-2-phenylethylamine (5 g.) was 
refluxed in tetralin (100 c.c.) with phosphoric oxide (13 g.) for 15 minutes, and the base isolated as 
hydrochloride. The picrate crystallised from acetone in small yellow prisms, m. p. 197—198° (sinters at 
195°) (Found: C, 52-1; H, 3-3; N, 14-5. C,,H,,0O,N, requires C, 52-4; H, 3-1; N, 14:5%). The free 
base distilled at 160°/0-03 mm. (bath temp.) as a thick yellow oil which crystallised (1-95 g.; 42%) 
(m. p. 58—60°) after 3 days but could not be recrystallised from any solvent (Rodionov and Yavorskaya, 
J. Gen. Chem. Russia, 1943, 18, 491, give m. p. 51—52°, yield 64-3%). 

1-p-Nitrophenyl-3 : 4-dimethyl-3 : 4-dihydroisoquinoline.—2-p-Nitrobenzamido-3-phenylbutane (5 g.) 
was refluxed with phosphoric oxide (20 g.) in toluene (100 c.c.) for 3 hours. The product was treated 
with water, the toluene separated, and the aqueous layer neutralised with ammonia, extracted with 
ether, dried, and distilled. The product (1-5 g.; 32%), b. p. 155°/0-02 mm. (bath temp.), formed a 
hard yellow glass and was characterised as the picrate, yellow plates from ethanol, m. p. 175—186° 
(Found: C, 54-0; H, 3-8; N, 13-7. C,,;H,,O,N, requires C, 54-2; H, 3-7; N, 13-8%). Evaporation of 
the toluene under reduced pressure gave a crystalline residue from which cold ethanol extracted 
unchanged material (0-5 g.). The residue (1 g.) proved to be p-nitrophenyl cyanide, m. p. 148°, giving no 
depression with an authentic sample. 

5-Chloro-1-p-chlorophenyl-3 : 4-dihydroisoquinoline.—N-p-Chlorobenzoy]-2-o0-chlorophenylethylamine 
(7 g.) was refluxed in tetralin (100 c.c.) with phosphoric oxide (20 g.) for 40 minutes. The product 
crystallised from light petroleum (b. p. 80—100°) in colourless prisms (2 g.; 30%), m. p. 101° (Found : 


). 
7-Nitro-1-m-nitrophenyl-3 : 4- ihydroisoquinoline —(a) 1-Phenyl-3 : 4-dihydroisoquinoline (5 g.) was 


dissolved in nitric acid (d 1-5; 50c.c.), and the solution left at 0° for 24 hours, poured into water (500 c.c.) 
and left overnight; the precipitated nitrate (4-6 g.) crystallised from acetone in pale yellow plates, 


m. p. 181° (decomp.) (Found: C, 50-6; H, 3-4; N, 15-7. C,;H,,0O,N;,HNO, requires C, 50-0; H, 3-3; 
N, 15-6%). The above nitrate and the aqueous mother liquors were bulked and treated with 2N-sodium 
hydroxide to yield the free base as a yellow solid which crystallised from ethanol in greenish prisms (6-3 g; 
88%), m. p. 167° (Found : C, 60-9; H, 4:0; N, 14-2. C,,H,,0O,N, requires C, 60-6; H, 3-7; N, 14-1%). 

(6) 1-m-Nitrophenyl-3 : 4-dihydroisoquinoline (1-4 g.) in sulphuric acid (d 1-84; 4c.c.) was heated on 
the steam-bath with a solution of potassium nitrate (2-8 g.) in sulphuric acid (d 1-84; 8 c.c.) for 2 hours. 
The product was poured into water and basified. The precipitated oil, which soon solidified, crystallised 
from acetone in pale yellow plates (1-3 g.; 78%), m. p. 167°. 

The products from (a) and (b) gave no depression of melting point on admixture, and no depression 
with the product of cyclisation of m-nitrobenzoyl-2-p-nitrophenylethylamine. 

7-Nitro-1-p-nitrophenyl-3 : 4-dihydroisoquinoline.—1-p-Nitrophenyl-3 : 4-dihydroisoquinoline (1-7 g.) 
was nitrated as in %) above. The product crystallised from acetone in minute yellow prisms (1-6 g. ; 
80%), m. p. 205° (Found: N, 14-3. C,,H,,0O,N; requires N, 14:1%). No depression of m. p. was 
observed with the product of cyclisation of p-nitrobenzoyl-2-p-nitrophenylethylamine. 

7-Nitro-1-p-nitrophenyl-3 : 4-dimethyl-3 : 4-dihydroisoquinoline.—1-p-Nitrophenyl-3 : 4-dimethyl-3 : 4- 
dihydroisoquinoline (6-4 g.) was nitrated as described above; the product crystallised from benzene-light 
petroleum in small yellow prisms (5-4 g.; 73%), m. p. 156—161°. By evaporation a further 1-2 g. was 
obtained (Found : N, 12-5. C,,H,,0,N, requires N, 12-9%). 

5-Nitro-1-p-nitrophenylisoquinoline.—1-p-Nitrophenylisoquinoline (1-45 g.) in sulphuric acid (d 1-84; 
4 c.c.) was added to a cold solution of potassium nitrate (2-5 g.) in sulphuric acid (d 1-84; 8 c.c.), and left 
at room temperature for 12 hours. The solution was poured into water and basified; the product 
crystallised from acetone or nitrobenzene in yellow plates (1-45 g.; 85%), m. p. 217° (Found: C, 61-1; 
H, 3-2; N, 14-0. C,;H,O,N,; requires C, 61-0; H, 3-1 P4 N, 14-2%). 

5-Nitro-1-m-nitvophenylisoquinoline.—Nitration as above of 1-phenylisoquinoline gave the m-nitro- 
compound as buff crystals (80%) from acetone, m. p. 242°, which assumed a pink colour when exposed to 
light (Found: N, 144%). 

Dehydrogenation.—This was effected by heating an intimate mixture of the 3 : 4-dihydro-base (1—2 g.) 
with 10% of palladium black; sublimation under reduced pressure of the product from the melt, or 
extraction with hydrochloric acid, was followed by crystallisation from acetone. The following were 
thus obtained, temperature and time of heating being given for each case: 1-p-nitrophenyli inoline 
(260°/10 minutes), pale yellow needles (47%), m. p. 155° (Found : C, 72-5; H, 4-2; N,11-0. C,,H,»O,N, 
requires C, 72-0; H, 4:0; N, 11-2%); 7-nitro-1-p-nitrophenylisoquinoline (220°/30 minutes), yellow 
needles (60%), m. p. 283° (Found: C, 60-8; H, 2-9; N, 14-3. C,,H,O,N, requires C, 60-6; H, 3-05; 
N, 14-2%) ;  7-nitro-1-m-nitrophenylisoquinoline (230—240°/5 minutes), buff needles (50%), m. p. 
211—212° (Found: C, 61-5; H, 3-3; N, 14:1%); 17-nitro-1-p-nitrophenyl-3 : 4-dimethylisoquinoline 
(230—240°/2 minutes), buff needles (43%), m. p. 239—240° (Found: C, 63-1; H, 4-2; , 12-9. 
C,,H,,0,N, requires C, 63-2; H, 4-0; N, ped 

Benzenesulphonyl-o-chlorobenzhydrazide.—o-Chlorobenzhydrazide (Sah, Rec. Trav. chim., 1940, 59, 
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1036) (10 g.) in pyridine was treated with wary ey chloride (7-6 c.c.) during 45 minutes, the 
whole being immersed in a freezing mixture. After 2 hours the mixture was poured on ice; the product 
crystallised from ethanol in colourless plates (15 g.; 82%), m. p. 158° (Found: N, 8-9. C,,H,,0,N,CIS 
requires N, 9-0%). 

o-Chlorobenzaldehyde.—Benzenesulphonyl-o-chlorobenzhydrazide (40 g.) was dissolved in ethylene 
glycol (250 c.c.) at 160°. Anhydrous sodium carbonate (32 g.) was added immediately, and the mixture 
heated for 75 seconds then diluted with water. The whole was extracted with ether and the extract 
dried (CaCl,). The product (11 g.; 61%) had b. p. 94—98°/20 mm. 

o-Chlorocinnamic Acid.—o-Chlorobenzaldehyde (39-6 g.) was dissolved in dry —_ (100 c.c.) 
containing piperidine (2 c.c.) and malonic acid (53-5 g.), and heated in a steam-bath for 3 hours. The 
solution was poured into water; the precipitate crystallised from ethanol in colourless needles (35-8 g. ; 
70%), m. p. 195—208°. 

2-p-Chlorophenylethylamine.—f-o-Chlorophenylpropionic acid (Stoermer, Ber., 1911, 44, 459) (29-3 g.) 
was treated with thionyl chloride (30 c.c.) at room temperature overnight, and excess of thionyl chloride 
removed under reduced pressure, then finally in a vacuum desiccator over sodium hydroxide. The acid 
chloride was added dropwise to a stirred solution of sodium azide (21 g.) in 50% aqueous acetone 
(360 c.c.) immersed in an ice-bath. The solution was extracted with cold benzene and the extract 
thoroughly dried at 0° (CaCl,). The filtered solution was refluxed until no more nitrogen was evolved, 
then cooled; hydrochloric acid (d 1-16; 60 c.c.) was added and refluxing continued until evolution of 
carbon dioxide ceased. The acid layer was arated, basified, and extracted with ether, and the 
extract dried (K,CO,), filtered, and distilled. e product (18-25 g.; 84%) had b. p. 120°/15 mm. 
The tosyl derivative crystallised from benzene-light petroleum (b. p. 40—60°) in large white prisms, 
m. p. 73° (Found: N, 4-6; Cl, 11-3. C,,;H,,O,NCIS requires N, 4-6; Cl, 11-5%). 

5-Amino-1-p-aminophenylisoquinoline.—5-Nitro-1-p-nitrophenylisoquinoline (3-1 g.) was dissolved in 
hot hydrochloric acid (15%; 80 c.c.) and refluxed while reduced iron (9 g.) was added as rapidly as 
possible with stirring. Refluxing was continued for 1 hour and the solution then filtered. The filtrate 
was basified with aqueous ammonia and filtered, and the residue washed free from inorganic matter. 
The residue was r tedly extracted with hot ethanol (charcoal). The filtrate was acidified and 
evaporated to small bulk, diluted with water, and basified. The precipitated amino-compound 
crystallised from ethanol in brown needles (1-9 g.), m. p. 189—190° (Found: C, 76-8; H, 5-8; N, 17-6. 
C,;H,;N; cn C, 76-6; H, 5-6; N, 17-9%). 

Chioro- pee mene, oe gy aya a) 5-Chloro-1-p-chloropheny]1-3 : 4-dihydroisoquinoline (1-9 g.) 
was mixed with palladium black (0-2 g.) and heated at 220—-240° for 5 minutes. The melt was extracted 
thoroughly with hot hydrochloric acid and filtered. Basification gave the base as an oil which soon 
solidified, and crystallised from ethanol in colourless prisms (0-6 g.; 31-6%), m. p. 149° (Found: N, 5-1; 
Cl, 25°7. C,,;H,NCl, requires N, 5-1; Cl, 25-9%). 

(6) 5-Amino-1-p-aminophenylisoquinoline (1-5 g.) in hydrochloric acid (d 1-16; 10 c.c.) and water 
(10 c.c.) was tetrazotised at 0° by dropwise addition of sodium nitrite (0-9 g.) in water (5 c.c.). The 
solution was left at 0° for 30 minutes and then slowly added to a stirred mixture of cuprous chloride 
(2-5 g.) and hydrochloric acid (d 1-16; 10 c.c.) kept at ca. —5°. The mixture was allowed to warm to 
room temperature during 2 hours, and then heated to 60°. Excess of aqueous ammonia was added, and 
the precipitate crystallised from ethanol. The product (0-25 g.; 143%) sublimed in a vacuum in long 
white needles, m. p. 148—149°, and showed no depression in m. p. with the product obtained in (a) 
(Found : N, 5-4; Cl, 25-5%). 

Quaternary Salts.—These were prepared by dissolving the bases in nitrobenzene at 160°, adding 
methyl —— (2 mols.), and allowing to cool. The methosulphates were extracted with water, the 
aqueous solution washed with ether, and the methiodide precipitated by addition of potassium iodide. 
Thus were obtained: 7-nitro-l-p-nitrophenylisoquinoline methiodide, red needles (69%) from water, 
m. p. 279° (losing its colour at 245°) (Found: N, 9-7; I, 28-7. C,.H,,0,N,I requires N, 9-6; I, 29-0%) ; 
ee eee ee methiodide, red | eee (83%) from water, m. p. 218—219° (decomp.) 
(Found: N, 9-8; I, 29:3%); 7-nitro-1-m-nitrophenylisoquinoline methiodide, red prisms (80%) from 
water, m. p. 221° (decomp.) (Found: N, 9-5; I, 286%); 7-nitro-l1-p-nitrophenyl-3 : 4-dimethyliso- 
quinoline methiodide, red needles (90% calculated on material which reacted) from water, m. p. 239° 
(Found : N, 9-2; I, 27-4. C,gH,,0,N,I requires N, 9-0; I, 27-3%). 

Reduction to the diamino-quaternary derivative was effected by dissolving the dinitro-derivative 
(1 part) in boiling water (60 parts) containing 2n-hydrochloric acid (2 parts), and adding the solution 
rapidly to a stirred suspension of reduced iron (1 part) in boiling water (60 parts). The mixture was 
refluxed for 1-5 hours and filtered, and the iron removed from the filtrate by addition of a slight excess of 
aqueous ammonia: traces of iron were removed if necessary from the filtrate by addition of a little 
aqueous hydrogen sulphide. The filtrate was then evaporated to small bulk, and the product 
precipitated as the methiodide by addition of solid potassium iodide (10 parts); it crystallised from water 
or methanol. The following were thus obtained: 7-amino-1l-p-aminophenylisoquinoline methiodide, 
orange needles (81%) from methanol, m. p 247° (Found: C, 50-4; H, 4-6; N, 10-9; I, 33-2. C,,H,,N;I 
requires C, 51-0; H, 4:3; N, 10-8; I, 33-7%); eee methiodide, yellow 
needles (65%), m. p. 234° (Found: N, 11-2; I, 33-6%); 7-amino-1-m-aminophenylisoquinoline methiodide, 
yellow needles (48°5%), m. p. 267° (Found: N, 11-2; I, 33-6%); 7-amino-1-p-aminophenyl-3 : 4- 
dimethylisoquinoline methiodide, yellow needles (86%),.m. p. 294° (Found: C, 53-4; H, 5-1; N, 10-3; 
I, 30-8. C,,H, NI requires C, 53-3; H, 4-9; N, 10-4; I, 31-3%). 


The authors thank Mr. S. Bance, B.Sc., A.R.I.C., for the semimicro-analyses, Dr. H. Campbell for the 
spectrographic data, and the Directors of May and Baker Ltd. for permission to publish the results. 


Tue REsEARcH LABORATORIES, May AND BAKER LTD., 
DAGENHAM. [Received, May 6th, 1948.} 
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By Rapwan MouUBASHER and MustaFa IBRAHIM. 


The reaction between “‘ ninhydrin ’”’ (triketoindane hydrate) and a-amino-acids leads to 
the formation of hydrindantin and bis-1 : 3-diketoindanyl. It is suggested that the latter 
compound arises from the former. Hydrindantin is possibly formed by the condensation of 
ninhydrin with 2-hydroxy-1 : 3-diketoindane. 


RUHEMANN (J., 1911, 99, 1492) observed that when a-amino-acids containing an unsubstituted 
amino-group are treated with ninhydrin a violet colour is produced. Grassmann and Arnim 
(Annalen, 1934, 509, 289) suggested that the coloured substance is diketoindanylidenediketo- 
indanylamine (I). Schénberg et al. (J., 1948, 176) suggested a mechanism for the action of 


il C:N-CHR 
/\@ “A OH, 


Q 
YY Ope + RECOM —. CO 


(II.) 


ee 

VA \ 

4 || C-NH, + RCHO <— 
nate A + CO, 


(IV.) 


unsubstituted «-amino-acids on various diketones, and a similar mechanism may be applicable 
to the ninhydrin reaction mentioned above. Each of the compounds (II—V) could be colour 


contributors. 
co 
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(VI) + 2NHyCHRCOH cat \cion)- 


O 
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C,H, 7 \c(on)- hydrotysie 
— 2NH, 


H H 


2-Hydroxy-1 : 3-diketoindane (V) could react with ninhydrin to yield hydrindantin (VI) 
which by further reaction with a-amino-acid could yield bis-1 : 3-diketoindanyl (VII). In 
accordance with this, both (VI) and (VII) have been isolated from the ninhydrin reaction. 


EXPERIMENTAL. 


Action of Ninhydrin on a-Amino-acids.—(a) Alanine. Ninhydrin (0-7 g.), dissolved in water (50 c.c.), 
was mixed at room temperature with alanine (0. 3 g.) dissolved in water (20 c.c.), and the mixture heated 
on a water-bath for 10 minutes; an intense blue coloration was developed, accompanied by evolution of 
carbon dioxide and acetaldehyde. The mixture was cooled, and the resulting reddish-violet solid was 
collected, washed with hot water, dried, and crystallised from benzene, giving violet needles, m. p. 297° 
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{decomp.), proved to be bis-1 : 3-diketoindanyl by m. p. and mixed m. p. and properties; yield ca. 20%. 
The filtrate was acidified with dilute hydrochloric acid, and the reddish precipitate formed was crystallised 
from acetone-water (3 : 1 by vol.), affording colourless crystalline needles, m. p. 230° (decomp.), proved 
to be hydrindantin by m. p., mixed m. p., and the characteristic intense blue coloration with sodium 
hydroxide solution; yield ca. 50%. 

(b) Valine. The same p: ure being used for valine, the same two compounds were isolated. 

Action of Hydrindantin (V1) on a-Amino-acids.—(a) Alanine. A suspension of 0-5 g. of hydrindantin 
in 100 c.c. of water was placed in a Claisen flask fitted with an upright condenser, to which was attached a 
Liebig condenser and a receiver. A continuous current of carbon dioxide was passed through, and a 
solution of 0-2 g. of alanine in 25 c.c. of water was added. In the receiver was placed a solution of 
2 : 4-dinitrophenylhydrazine (0-2 g. in 25 c.c. of alcohol). The mixture in the flask was distilled until 
its volume was reduced to about 25 c.c. (20 minutes). The contents of the receiver were treated with 
concentrated hydrochloric acid (5 c.c.) and cooled in ice; oa 2 : 4-dinitrophenylhydrazone 
was obtained, m. p. 167° (cf. Bryant, J. Amer. Chem. Soc., 1932, 54, 3760). 

In the reaction vessel a violet substance separated out which was filtered off, dried, and recrystallised 
from benzene, giving violet needles, m. p. 297° (decomp.), of bis-1 : 3-diketoindany]l (m. p., mixed m. p., 
and properties) ; yield 0-35 g. 

(b) On heating a mixture of alanine (0-2 g.) with hydrindantin (0-5 g.) in 50 c.c. of water, carbon 
dioxide was evolved, and ammonia was detected in the reaction mixture. 

(c) Phenylami tic acid. By the same procedure as in (a), hydrindantin and phenylaminoacetic 
acid (0-33 g. in 20 c.c. of water) afforded a violet colour; after 15 minutes’ heating, the distillate (filtered 
if necessary) was treated with an alcoholic solution of phenylhydrazine and cooled in ice; benzaldehyde 
phenylhydrazone was obtained. Recrystallised from alcohol, this had m. p. and mixed m. p. 158° 
(decomp.). The mixture in the distilling flask afforded the same substance as in (a) (m. p. 297°, mixed 
m. p., and properties). 





Fovap I UNIvERsiTy, Facutty oF ScrENCE, Catro, EcyPr. (Received, June 1st, 1948.] 





150. Amidines. Part XII. Preparation of 9-Substituted 
Phenanthridines from N-2-Diphenylylamidines. 
By J. Cymerman and W. F. Snort. 


9-Substituted phenanthridines are produced in good yield by heating N-2-diphenylyl- 
amidines and phosphoryl chloride in nitrobenzene solution. 


Tue study of phenanthridine compounds made by Morgan and Walls and their biological 
investigation by Browning has resulted in the production of a number of compounds having 
activity against several species of trypanosomes. Moreover, field trials with ‘‘ Dimidium 
Bromide ”’ (2: 7-diamino-9-phenyl-10-methylphenanthridinium bromide) and ‘“‘ Phenidium 
Chloride” (7-amino-9-p-aminopheny]-10-methylphenanthridinium chloride) have _ given 
promising results, especially in the treatment of bovine trypanosomiasis (see Walls, J. Soc. Chem. 
Ind., 1947, 66, 182). Morgan and Walls (J., 1931, 2447) devised a phenanthridine synthesis 
of general applicability by extending the Bischler—Napieralski reaction to acyl derivatives of 
2-aminodipheny] : 
sey Poc, C.H,CR 

. sH,NH-COR ~— > CHy 


The presence of certain substituents, such as a nitro-group in the m-position to the hydrogen 
atom to be eliminated, adversely affected the ring closure, so that the yield of phenanthridines 
became very small. Walls found that in these cases greatly increased yields can be obtained by 
using nitrobenzene as solvent (J., 1945, 294; B.P. 511,353), but the yield ot 2: 7-dinitro-9- 
phenylphenanthridine, the intermediate required for the preparation of ‘‘ Dimidium Bromide ’”’, 
was still only about 50% after 12 hours’ boiling. We now find that good yields of 
phenanthridines are obtained when the elements of ammonia are eliminated from 
N-2-diphenylylamidines by boiling for 4—5 hours with phosphoryl chloride (10 mols.) in 
nitrobenzene solution. The yield of 2: 7-dinitro-9-phenylphenanthridine is 20—30% higher 
than that obtained by Walls’s method, and yields are also 9—20% higher in the case of three 
other phenanthridines prepared by the two methods. The required amidines are obtained in 
high yield by the method described in Part I (J., 1946, 147), but the crude amidinium salt 
resulting from the interaction of a cyanide with a 2-diphenylylammonium arylsulphonate may 
also be used directly in the phenanthridine synthesis, an arylsulphonyl chloride then being 
produced as by-product. The method has been used in the preparation of fifteen 9-substituted 
phenanthridines and the results are collected in Table II. Hydrogen chloride is evolved and 
intermediates containing phosphorus and chlorine are obtained when the reactants are heated 
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at the boiling point of phosphoryl chloride; these afford phenanthridines when heated to a 
higher temperature, but are too unstable for purification. The reaction evidently proceeds in 
stages, possibly to be represented as follows : 


oH, ey 53 R , 
(jH,N:CR-NH, + POClh —> HCl + Cor cr H-Pocl, —> &H,—N + NHsPOC) 


9-p-Methylsulphonylphenylphenanthridine is also obtained by boiling N-2-diphenylyl-p- 
methylsulphonylbenzamidine with phosphoric oxide in nitrobenzene solution. Phosphorus 
pentachloride in boiling nitrobenzene converts N-2-(4’-nitrodiphenylyl)-p-chlorobenzamidine into 
3-chloro-7-nitro-9-p-chlorophenylphenanthridine, the position of the additional chlorine atom 
being established by the preparation of the same phenanthridine from p-chloropheny] cyanide, 
5-chloro-4’-nitro-2-diphenylylammonium benzenesulphonate, and phosphoryl chloride. 


EXPERIMENTAL. 
Preparation of 2-Diphenylylammonium Benzenesulphonates. 


2-Diphenylylammonium Benzenesulphonate.—This salt, prepared from equivalent quantities of its 
constituents, arated from methanol in white plates, m. p. 282° (Found: N, 4:3. C,,H,,0,;NS 
requires N, 4:3%). 

4’-Nitro-2-diphenylylammonium Benzenesulphonate.—2-Aminodiphenyl (4-3 g.) was dissolved in 95% 

Iphuric acid (60 c.c.; 42 mols.) below 30°. The solution was cooled in ice and stirred during the 
addition of powdered potassium nitrate (2-6 g.; 1-01 mols.) at such a rate that the temperature remained 
below 5°. After being stirred at 0—5° for a further 2 hours, the solution was poured into ice-water 
(500 c.c.); the solid was collected, washed with water, and recrystallised from aqueous alcohol, giving 
orange-yellow needles of 4’-nitro-2-aminodiphenyl (4-2 g., 77%), m. p. 158°. Scarborough and Waters 
(J., 1927, 96), who prepared this compound by nitrating 2-acetamidodiphenyl and hydrolysing the 
resulting nitro-compound, record m. p. 158°. 4’-Nitro-2-diphenylylammonium benzenesulphonate 
crystallised from alcohol in pale yellow plates, m. p. 280° (decomp.) (Found: N, 7-65. C,,H,,0,;N,S 
requires N, 7-5%). 

4 : 4’-Dinitro-2-diphenylylammonium Benzenesulphonate.—A solution of 2-aminodiphenyl (43 g.) in 
95% sulphuric acid (500 c.c.; 35 mols.) was cooled to 0° and stirred during the slow addition of powdered 
potassium nitrate (52 g.; 2-02 mols.) so that the internal temperature remained below 5°. After being 
stirred at 0—5° for a further 4} hours, the solution was poured into ice-water (500 c.c.) and the yellow 
solid which separated was triturated with 5N-sodium hydroxide (100 c.c.). After being washed with 
water and crystallised from 2-ethoxyethanol, 4 : 4’-dinitro-2-aminodiphenyl was obtained in orange 
needles, m. p. 206° (56 g., 85%). Finzi and Bellavita (Gazzetta, 1938, 68, 77), who prepared 
this compound from 2-aminodiphenyl and from 4-nitro-2-aminodiphenyl by the action of ethyl nitrate 
and sulphuric acid, record m. p. 208°. The acetyl derivative, for which Finzi and Bellavita (loc. cit.) 
record m. p. 168—169°, had m. p. 168—169° (decomp.). As stated by Finzi and Bellavita, 4 : 4’-dinitro- 
diphenyl, m. p. and mixed m. p. 235°, is obtained by deamination of the nitro-amine; the yield was 85% 
when diazotisation was carried out by Claus’s method (Annalen, 1891, 266, 224) and the diazonium salt 
was reduced with hypophosphorous acid (Kornblum, J. Amer. Chem. Soc., 1941, 68,194). 4: 4’-Dinitro- 
2-diphenylylammonium benzenesulphonate separated from absolute alcohol in pale yellow plates, m. p. 
249° (decomp.) (Found: N, 10-0. C,,H,,0,N,S requires N, 10-1%). 

5-Chloro-4’-nitro-2-diphenylylammonium Benzenesulphonate.—Chlorine was passed into a mixture of 
4’-nitro-2-acetamidodipheny] (7-1 g.), anhydrous sodium acetate (7 g.; 3-1 mols.), and glacial acetic acid 
(30 c.c.), heated on the steam-bath, until the gain in weight was 2g. After a further 20 minutes’ heating, 
saturated aqueous sulphur dioxide (10 c.c.) was added, and the solid was collected and crystallised from 
glacial acetic acid, giving white needles of 5-chloro-4’-nétro-2-acetamidodiphenyl, m. p. 208—209° (Feund : 
N, 9-9. C,,H,,0O;N,Cl requires N, 9-65%); yield, 5 g. (62%). Hydrolysis of the acetyl derivative 
(5°8 g.) by boi ing for 4 hours with alcohol (74 c.c.) and concentrated hydrochloric acid (5 c.c.) afforded 
A eaper se ne ag pene m. p. 159-5—160° (Found : N, 11-3. C,,H,O,N,Cl requires N, 11-3%). 
The yield was 4-9 g. (99%) and chlorination is assumed to have taken place at position 5 since 5-bromo- 
4’-nitro-2-acetamidodipheny] is obtained by brominating 4’-nitro-2-acetamidodiphenyl (Case, J. Amer. 
Chem, Soc., 1945, 67, 118; Walls, J., 1945, 294). 5-Chloro-4’-nitro-2-diphenylylammonium benzene- 
sulphonate crystallised from methanol in pale yellow plates, m. p. 263° (decomp.) (Found: N, 7-2. 
C,,H 1sO05N,CIS requires N, 6-9%). 

’ Preparation of Amidines. 


The amidines required for the preparation of phenanthridines were obtained by the method described 
in Part I (loc. cit.). A mixture of the 2-diphenylylammonium benzenesulphonate and the cyanide 
(1—1-1 mols.) was heated at 200° (bath temp.) for 14—34 hours (as indicated in Table I), and the product 
was repeatedly extracted with boiling water faintly acidified with hydrochloric acid. The filtered 
extracts were cooled to 0°, and the amidine was liberated with 5N-sodium hydroxide, and collected by 
filtration, or, if oily, by solution in chloroform. The amidines were purified by crystallisation from 
chloroform or benzene. The experiments recorded in Table I were conducted with 0-005—0-05 g.-mol. 
of oe and the yields are expressed in terms of the amine benzenesulphonate used. 

-2(4’-Nitrodiphenylyl)-p-anisamidine.—A mixture of 4’-nitro-2-diphenylylammonium benzene- 
sulphonate (8-3 g.) and p-methoxyphenyl cyanide (3-3 g.) was heated at 200° for 3} hours and the cold 
reaction product was extracted with ether to remove unchanged cyanide. The solid was extracted with 
boiling water (6 1.) just acidified with hydrochloric acid, and the amidine was liberated from the solution 
at 0° with 5n-sodium hydroxide. The amidine (6-2 g.) crystallised from chloroform in yellow prisms 
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having the properties recorded in Table I. The two forms of the picrate (yellow needles, m. p. 171—172°, 
and yellow plates, m. p. 194—195°) were interconvertible by crystallisation from alcohol, a seed of the 
desired form being used. Another picrate, crystallising in needles, m. p. 160—161° (Found: N, 
14-55%), was obtained by adding alcoholic picric acid to mother-liquors from the crystallisation of the 
amidine. 

N-2-(4 : 4’-Dinitrodiphenylyl)benzamidine.—4 : 4’-Dinitro-2-diphenylylammonium benzenesulphonate 
(2-1 g.) and phenyl cyanide (0-55 g.; 1-06 mols.) were heated at 200° for 2 hours, and the cooled melt was 
extracted with boiling water (1 1.) acidified with hydrochloric acid. The undissolved solid (0-85 g.) was 
removed, the filtrate was made alkaline at 0° with 5n-sodium hydroxide, and the precipitate was 
crystallised from chloroform, giving yellow prismatic needles (1-0 g., 55%) of the amidine, m. p. 
171-5—172° (see Table I). The part of the product which was not dissolved in the boiling dilute acid was 
triturated with 5Nn-sodium hydroxide and extracted with chloroform, giving yellow ‘needles, 
m. p. 146—147°, of the second form of the amidine (see Table I). Repeated crystallisation of the amidine 
of lower m. p. from chloroform or benzene converted it into the form having m. p. 171-5—172°. Both 
forms afforded the same picrate, which formed yellow prismatic plates, m. p. 195—196° (see Table I). 


Preparation of 9-Substituted Phenanthridines.* 


Most of the phenanthridines were prepared by heating the amidine (Method A) or the crude amidine 
benzenesulphonate (Method B) with phosphoryl! chloride in nitrobenzene solution and the results are 
collected in Table II. The preparations of phenanthridines from the amidinium chloride and phosphoryl 
chloride -- hppa. and from the amidine and phosphoric oxide in nitrobenzene are described 
subsequently. 

Method A.—A solution of the amidine in 6—10 parts of nitrobenzene was mixed with phosphoryl 
chloride (10 mols.) and boiled under reflux for 4—5 hours, the internal temperature usually rising from 
160° to 175° during the first 20 minutes. (In the preparation of Nos. 13 and 14 the mixtures were boiled 
for only 24 and 3} hours, respectively.) Evolution of hydrogen chloride was vigorous at the outset but 
ceased after about 15 minutes. Nitrobenzene and phosphoryl chloride were completely removed by 
distillation at 100° under diminished pressure, and the cooled residue was triturated with 5—10 parts of 
5N-sodium hydroxide. The liberated phenanthridine was collected by filtration, or when oily, in 
chloroform, and was purified by crystallisation from 2-ethoxyethanol or from chloroform. The 
experiments recorded in Table II were carried out with 0-005—0-036 g.-mol. of amidine and the yields 
are based on the amidine used. 

Method B.—An equimolecular mixture of the cyanide and the 2-diphenylylammonium benzene- 
sulphonate was heated at 200° (bath temp.) for 2}—3 hours, and the reaction mixture was then dissolved 
in nitrobenzene (5 ). Phosphoryl chloride (7-5—10 mols. per mol. of cyanide) was then added and 
the mixture was boiled under reflux for 4—5 hours. Nitrobenzene and phosphoryl chloride were removed 
at 100° under diminished pressure, and the cooled residue was triturated successively with concentrated 
ammonia (2—3 parts) and 5Nn-sodium hydroxide (2—3 parts). The phenanthridine was collected and 
_ purified as in Method A. The scale of the preparations varied from 0-01 to 0-05 g.-mol. (of cyanide) and 
the yields are calculated on the cyanide used. 

9-Phenylphenanthridine.—Phosphoryl chloride (9 c.c.; 10 mols.) was added to a solution of 
N-2-di | ges eye ome chloride (3-1 g.) in nitrobenzene (27 c.c.), and the mixture was boiled under 
reflux for 5hours. The solvent and excess a chloride were removed at 100° under diminished 
pressure, and the phenanthridine, libera with 5Nn-sodium hydroxide (25 c.c.), was collected in 
chloroform, from which it separated in white needles, m. p. and mixed m. p. 106°; yield, 2-45 g., 95%. 

9-p-Methylsulphonylphenylphenanthridine.—A solution of N-2-diphenylyl-p-methylsulphonyibenz- 
amidine (2-8 g.) in nitrobenzene (30 c.c.) was boiled under reflux for 5 hours with ph oric oxide 
(11-2 g.; 10 mols.) and the solvent was then removed by distillation at 100° under diminished pressure. 
The residue was cautiously mixed with 5n-sodium hydroxide (50 c.c.); the solid was collected, washed 
with water, and dried. Recrystallisation from chloroform afforded 9-p-methylsulphonylphenyl- 
phenanthridine (1-85 g.; 70%), m. Pp. and mixed m. p. 238°. 

3-Chloro-7-nttro-9-p-chlorophenylphenanthridine..—Phosphorus pentachloride (3 g.; 1-4 mols.) was 
added to a solution of N-2-(4’-ni iphenylyl)-p«chlorobenzamidine (3-5 g.) in nitrobenzene (30 c.c.) and, 
after 5 hours’ boiling, the crystals which separated on cooling were collected. The filtrate afforded a 
second crop of crystals on being concentrated to half its volume by distillation under diminished pressure, 
and recrystallisation of the total solid from 2-ethoxyethanol afforded pale yeliow plates (1-2 g., 33%), 
m. p. 315°, identical with 3-chloro-7-nitro-9-p-chlorophenylphenanthridine be: may from p-chloropheny] 
cyanide and 5-chloro-4’-nitro-2-diphenylylammonium benzenesulphonate (Table II, No. 15). 


RESEARCH LABORATORIES, Messrs. Boots Pure Druc Co. Ltp., 
NOTTINGHAM, [Received, January 23rd, 1948.) 


* See also B.P. 614,072 (1.7.1946). 
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151. Experiments on the Synthesis of Substances related to the Sterols. 
Part XLVI. The Synthetic Use of 4-Keto-1 : 1-dialkylpiperidinium Salts. 


By H. M. E. CaRpWELt and F. J. McQUILLIN. 


4-Keto-1 : 1-dimethylpiperidinium iodide has been shown to alkylate B-keto-esters (and ethyl 
malonate) yielding 1: 5-diketones retaining the potentially reactive dimethylamino-group. 
The synthetical applications of these substances have been explored in two directions. Thus 
the product (VII) obtained from ethyl cyclopentanonecarboxylate has been cyclised to the 
ketotetrahydroindane derivative (VIII), and the cyclohexenone derivative obtained from ethyl 
acetoacetate has been shown by degradation to m-2-dimethylaminoethylphenol to have the 
structure (XI; R = CO,Et, R’ = NMe,). Further, the intermediate ethyl 8-dimethylamino- 
' 2: 6-diketo-octane-3-carboxylate (X; R = CH,°NMe,), obtained from ethyl acetoacetate, has 
been shown to react, as its methiodide, with a second molecule of ethyl acetoacetate to yield a 
triketone (XVIII; R = H). 


In Part XIV of this series (du Feu, McQuillin, and Robinson, J., 1937, 53) it was suggested 
that the sterol skeleton might be dissected into a- and aa«’-substituted acetone units, and that, 
starting from a methylcyclopentanone derivative constituting ring IV, the ztiocholane ring 
system might be synthesised by successive condensation with methyl vinyl ketone, ethyl vinyl 
ketone and again with methyl vinyl ketone. The direction which may be taken by the second 
step in this sequence is, however, ambiguous. Thus 5-keto-8-methylhexahydroindane (II) 
with 1-diethylaminopentan-3-one methiodide (as the equivalent of ethyl vinyl ketone) leads 
to a product which may be (III) or (IV) and the structure of which was not established (idem, 
ibid.; McQuillin and Robinson, /., 1938, 1097; 1941, 586). 


(III.) 


A modified dissection of the sterol skeleton as in (I) offers a means of resolving this 
ambiguity. The addition of ring III is here envisaged as arising from condensation of the 
appropriate methylcyclopentanone with a divinyl ketone equivalent, such that the atom X (I) 
in the derived dicyclic substance carries a substituent capable of providing for closure of ring II. 
Thus testosterone or an isomer could in principle be synthesised from the §-dialkylamino- 
ketone (V) by using the method of Cook and Robinson (Part XXXI, J., 1941, 391) and this 
amino-ketone could in turn be made by alkylation of the appropriate methylcyclopentanone 
with 4-keto-1: 1-dimethylpiperidinium iodide (VI) followed by cyclisation and reduction. 
As a model we turned our attention in the first instance to the corresponding sequence starting 
from ethy] cyclopentanone-2-carboxylate, viz.:  ° 


CO,Et oS 

KOEt CH 

CH,—CH,“ CH, of CH,-CH,-NMe, H,-NMe, 
(VI) ° ”. (VIL) (VIII.) 


The iodide (VI) (Howton, J. Org. Chem., 1945, 10, 277) reacted readily with ethyl potassio- 
cyclopentanonecarboxylate, but the basic product on attempted distillation lost dimethylamine 
to give ethyl 1-(3’-ketopent-4’-enyl)cyclopentan-2-one-1-carboxylate (IX). Precipitation, how- 
ever, of the crude basic product as the acid oxalates and fractional crystallisation gave the 
hydrogen oxalate of ethyl 1-(5’-dimethylamino-3’-ketoamy]l)cyclopentan-2-one-l-carboxylate 
(VII), m. p. 169—170°, in 5% yield. This base was also characterised as the hydrochloride, 
m. p. 200—202°, and picrate, m. p. 126—128°. Cyclisation of the crude basic product by means 
of hydrochloric acid in acetic acid (cf. Wilds and Shunk, J. Amer. Chem. Soc., 1943, 65, 469) 
gave 5-keto-4-dimethylaminomethy]l-5 : 6: 7: 8-tetrahydroindane (VIII), isolated as the 
hydrogen oxalate, m. p. 120—124°, in 13% yield. In the above and all subsequent alkylations 


/ 





[1949] Substances related to the Sterols. Part XLVI. 709 


excess alkalinity of the reaction mixture was avoided by slow addition of ethanolic potassium 
ethoxide to an ice-cold suspension of the metho-salt and keto-ester in benzene. Strong bases 
are known to catalyse the decomposition of 8-dialkylamino-ketones [e.g., (VII)] into vinyl 
ketones [e.g., (IX)] and secondary amines (Mannich and Dannehl, Arch. Pharm., 1938, 276, 
206; Blicke, ‘‘ Organic Reactions,’ Vol. 1). Contamination of the main product with cyclised 
material was also minimised by this method. 

Ethyl malonate with 4-keto-1 : 1-dimethylpiperidinium iodide similarly gave ethyl 5-di- 
methylamino-3-ketoamylmalonate, NMe,°CH,°CH,°CO’CH,°CH,°CH(CO,Et), (hydrogen oxalate, 
m. p. 87—89°), in 25% yield. 

In view of the difficulty encountered in isolating the products of these reactions in satis- 
factory yields, the alkylation of ethyl acetoacetate with 4-keto-1 : 1-dimethylpiperidinium 
iodide was investigated in detail. Prolonged fractional crystallisation of the oxalate of the 
basic product gave (a) the Aydrogen oxalate of ethyl 8-dimethylamino-2 : 6-diketo-octane-3- 
carboxylate (X; R = CH,*NMe,), m. p. 109—110°, as major product, with (b) ethyl 4-(2’-di- 
methylaminoethy]) cyclohex-3-en-2-one-1l-carboxylate (XI; R = CO,Et; R’ = NMe,), hydrogen 
oxalate, m. p. 116—117°, in small amount, together with (c) dimethylamine hydrogen oxalate 
and (d) the dihydrogen dioxalate of 2: 2’-bisdimethylaminodiethyl ketone, m. p. 155—156°, 
identified by independent preparation from iene and 2: 2’-dichlorodiethyl ketone. 


H,C v Et 
CHy / VA ¥ CO,Et Joss 
col 1) 07 Vi CH, 

Nom: CH, H,R fo ~~" ao NMe, 


(IX.) (X.) (XI.) (XII.) (XIII) 


The preparation of the latter ketone by aluminium chloride-catalysed addition of 8-chloro- 
propionyl chloride to ethylene (Catch, Elliott, Hey, and Jones, J., 1948, 278) was improved 
by substitution of nitromethane as solvent for the customary excess of acid chloride. Nitro- 
methane appears to be an excellent medium for this type of reaction, provided the derived 
chloro-ketone can be effectively separated from it by distillation. 

The structure of the cyclohexenone (XI; R = CO,Et; R’ = NMe,), which was also pre- 
pared from the diketone (X; R = CH,*NMe,) by cyclisation with ice-cold sulphuric acid, was 
established by itsyhydrolysis and decarboxylation to 1-2’-dimethylaminoethylcyclohexen-3-one 
(XI; R= H; R’ = NMe,) (isolated as the hydrogen oxalate, m. p. 135—136°) and by bromin- 
ation and dehydrobromination of this substance by Knoevenagel’s method (Amnalen, 1894,_ 
281, 98; Ber., 1893, 26, 1951) to m-2-dimethylaminoethylphenol (XIII), identical with a 
synthetic specimen prepared from m-hydroxybenzaldehyde by a modification of the method 
given in D.R-P. 233,069 (Friedlander, Vol. 10, p. 1229). Before the identity of this amino- 
— was established, an attempt was made to prepare the amino-xylenol (XIV) to be expected 
rom the alternative formulation of the cyclohexenone as (XII; R = CO,Et or H; R’ = 
CH,*NMe,). Equimolecular proportions of m-cresol, formaldehyde, and dimethylamine gave 
a single product, which, however, was evidently the undesired 5-methyl-2-dimethylaminomethyl- 
phenol (XV; R = Me), since hydrogenation afforded a xylenol giving no ferric chloride colour 
and which therefore cannot be o-3-xylenol. An analogous product obtained by Grillot and 
Gormerly (J. Amer. Chem. Soc., 1945, 67, 1968) from diethylamine, formaldehyde, and m-cresol 
was therefore most probably 5-methy]-2-diethylaminomethylphenol (XV; R = Et). 

Alkylation of ethyl cyclohexanonecarboxylate with 4-keto-l-methyl-l-ethylpiperidinium 
iodide gave ethyl 1-(5’-methylethylamino-3’-ketoamyl)cyclohexan-2-one-l-carboxylate (XVI) 
isolated as the hydrogen oxalate, m. p. 95—97°, in 70% yield, but only after some difficulty 
(see p. 713). Numerous attempts to convert this diketone into the aminomethy]l-tetralol 
(XVII) were unsuccessful, the only basic product isolated being methylethylamine. 

The isolation of the unstable hydrogen oxalate of the diketone (XVI) in a yield of 70% 
confirmed our impression that alkylations of 8-keto-esters with 4-keto-1 : 1-diethylpiperidinium 
iodides give the desired diketones in substantial quantities (over 60%) and that it is only the 
difficulty of freeing these compounds from by-products which has precluded these yields being 
achieved in general. With the analogous thioalkyl compounds (see following paper) isolation 
of the diketones is, however, easier, and we have therefore directed further work to a study 
of these substances. 

The alkylation of ethyl acetoacetate described above was envisaged as the first step in a 
model synthesis of reduced analogues of doisynolicacid. Thecyclisation of (X; R = CH,*NMe,) 
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to (XI; R = CO,Et, R’ = NMe,) rather than to the desired compound (XII; R = CO,Et, 
R’ = CH,*NMe,) ruled out this method but there remained the possibility that the triketone 
(XVIII; R = H) might undergo double cyclisation to give the tetralol (XIX; R= H). The 
reaction mixture from ethyl acetoacetate and 4-keto-l-methy]l-l-ethylpiperidinium iodide was 
therefore treated with an equivalent of methyl iodide and when the pH of the solution became 
constant a further molecule of ethyl potassio-acetoacetate was added. The alkali-soluble 
portion of the product was subjected to molecular distillation and ethyl 2 : 6 : 10-triketoundecane- 
3: 9-dicarboxylate (XVIII; R= H) was isolated. The analogous ethyl 3:7: 11-triketotri- 
decane-4 : 10-dicarboxylate (XVIII; R = Me) was prepared from two equivalents of ethyl 


H,C VY 
CH CH 
ee AY 


( lo 
\ { ‘ 
NNR, H,-NEtMe 


(XV.) (XV1.) 
H-CO,Et 


O,Et 


H,R ~ 
A 
Oo” Y 


O,Et 
(XVIII.) (XIX.) (XX.) 


sodio-8-ketovalerate and one equivalent of 2 : 2’-dichlorodiethyl ketone. The doubly cyclised 
material in this case would have been the tetralol (XIX; R = Me), an excellent starting material 
for the synthesis of the reduced analogue of doisynolic acid (KX; R= H). Only preliminary 
and inconclusive experiments on the cyclisation of these triketones have been made, and this 
investigation has been temporarily suspended in view of the lack of activity in the capon comb 
tests of the compound (XX; R = Me) prepared from androstenedione (Heer and Miescher, 
Helv. Chim. Acta, 1947, 30, 786). 

The cyclisation of the diketone (X; R = CH,*NMe,) to the cyclohexenone (XI; R = CO,Et, 
R’ = NMe,) rather than to (XII; R = CO,Et, R’ = CH,*NMe,) deserves some discussion. 
There are few analogies to indicate the most probable direction of cyclisation of diketones of 
this type (X), and indeed the structure of our product was in doubt (until the reference com- 
pound had been prepared), for the ready decarboxylation and ferric chloride colour reaction. 
were equally consistent with 2: 7-cyclisation to (XII; R = CO,Et, R,’ = CH,*NMe,) by 
analogy with Hagemann’s ester (XII; R = CO,Et, R’ = H) which gives a violet colour with 
ferric chloride and is readily decarboxylated on hydrolysis (Hagemann, Ber., 1893, 26, 879; 
Rabe, Annalen, 1905, 342, 339). 

From condensation of ethyl acetoacetate with dimethylaminobutan-3-one by means of 
sodium ethoxide, Mannich and Fourneau (Ber., 1938, 71, 2090) obtained Hagemann’s ester, a 
preparation evidently involving cyclisation of the diketone (X; R= H). This intermediate 
diketone, ethyl 2 : 6-diketoheptane-3-carboxylate has now been prepared from ethyl acetoacetate 
and the methiodide of diethylaminobutan-3-one, and its cyclisation under alkaline conditions 
to Hagemann’s ester has been confirmed. Using 2-chlorodiethyl ketone with ethyl acetoacetate, 
Blaise and Maire (Compt. rend., 1907, 144, 572; Bull. Soc. chim., 1908, 3, 418) obtained the 
higher homologue. (X; R = Me), cyclised under acid conditions to a product (semicarbazone, 
m. p. 207°) assigned the structure (XI; R = CO,Et, R = H) on the grounds of its colour 
reaction with ferric chloride, solubility in alkali, and ready decarboxylation to a cyclohexenone 
(semicarbazone, m. p. 204°), presumably (XI; R = R’ =H). Mousseron and Winternitz 
(Bull. Soc. chim., 1945, 12, 71; Compt. rend., 1944, 219, 132) prepared this ethylcyclohexenone 
by another route and confirmed the melting point of the semicarbazone; Clemo, Cocker, 
and Hornsby (/., 1946, 616) assign the same structure to a ketone (semicarbazone, m. p. 191— 
192°), which may, however, be the corresponding 3-ethylidenecyclohexanone. The alternative 
cyclisation of Blaise and Maire’s product would lead to the known dimethylcarbethoxycyclo- 
hexenone (XII; R = CO,Et, R’ = Me), semicarbazone, m. p. 204—205° (Cornubert and 
Maurel, Bull. Soc. chim., 1931, 49, 1515; Ké6étz, Blendermann, Mahnert, and Rosenbusch, 





[1949] Substances related to the Sterols. Part XLVI. 711 


Annalen, 1913, 400, 82), and to the dimethylceyclohexenone (XII; R = R’ = Me), semicarb- - 
azone, m. p. 225°, the structure of which has been established by dehydrogenation to o-3-xylenol 
(Smith and Rouault, J. Amer. Chem. Soc., 1943, 65, 631). The melting points of the semi- 
carbazones in these two series are consistent with the structure (XI; R = CO,Et, R’ = H) 
for Blaise and Maire’s product although their original grounds for assigning this structure are 
evidently fallacious. 

These examples and the exclusive 1 : 6-cyclisation in the present case (X; R = CH,*NMe,) 
suggest that the direction of cyclisation is determined by the known greater reactivity of the 
terminal methyl group as in the self-condensation of simple ketones (cf. Grignard and Colonge, 
Compt. rend., 1930, 190, 1349), and that it is only in the symmetrical example of Mannich and 
Fourneau that the influence of the 8-keto-ester system is effective. 


EXPERIMENTAL. 
(M. p.s are uncorrected.) 


Methyldi-(2-carbethoxyethyljamine was p in 80—90% yield from ethyl acrylate and methyl- 
amine; b. p. 107—109°/0-3 mm. (Org. Synth., 20, 36, give b. p. 105—108°/3 mm.). 

3-Carbethoxy-1-methyl-4-piperidone methiodide prepared from 3-carbethoxy-1-methyl-4-piperidone 
(McElvain, J. Amer. Chem. Soc., 1924, 46, 1721) and methyl iodide in ether. It cryetailised m 
tsopropanol in colourless prisms, m. p. 138—139° (decomp.) (Found: N, 4-0; I, 38-6. C,.H,,O,NI 
requires N, 4:3; I, 38-8%). 

1-Methyl-4-piperidone (Prill and McElvain, ibid., 1933, 55, 1233). The following modification of 
the method used by Fuson, Parham, and Reed (ibid., 1946, 68, 1239) for the ss of the hydro- 
chloride of the ethyl analogue was convenient. Sodium (17-5 g.) was powdered under boiling xylene with 
a Herschberg stirrer (Org. Synth., Coll. Vol. II, 117). ethyldi-(2-carbethoxyethyl)amine (180—185 g.) 
was run in with vigorous stirring at such a rate that gentle refluxing was maintained. e mixture 
was stirred and refluxed until homogeneous ($—1 hour), cooled, and shaken with ice (200 g.) and con- 
centrated hydrochloric acid (150 c.c.). The xylene layer was further extracted with ice-water (100 c.c.) 
containing a little hydrochloric acid. The combined aqueous extracts were extracted with ether and 
filtered through glass-wool. Concentrated hydrochloric acid (390 c.c.) was added, dissolved ether was 
removed on the steam-bath, and the mixture was refluxed until a few drops gave no colour with ferric 
chloride. The mixture was evaporated to dryness under reduced pressure by flash distillation or with 
a reversed air-leak to stop bumping, and the residue was dissolved in distilled water (100 c.c.). The 
solution was covered with ether, cooled to below 0°, and treated with eqesneyp ed epee s carbonate 
(125 g.) and extracted four times with ether. The dried ethereal extracts were distilled; yield 35—53 g. 
(40—60%), b. p. 53—56°/5 mm. (Prill and McElvain, loc. cit., give b. p. 56—58°/11 mm.). These 
authors and Howton (J. Org. Chem., 1945, 10, 277) reported that the free polymerised on keeping 
at room temperature to give an ether-insoluble substance. The pure base, as p above, was 
stable indefinitely at 0°, and after 5 months’ storage at room temperature in dry aldehyde-free ether 
only a small quantity of gum was d ited, and redistillation gave a 62% recovery of pure free base, 
characterised as methiodide and hy: en oxalate. Howton (loc. cit.) reported that the latter salt 
was unsuitable for characterisation but gave no further details. 1-Methyl-4-piperidone hydrogen oxalate 
crystallised from ethanol-ether or isopropanol-ethanol in colourless, feathery rods, m. p. 122—123°, 
containing solvent of crystallisation which was removed at 50° in a vacuum (Found: N, 6-8. 
C,H,,ON,C,H,O, requires N, 6-9%). 

4-Keto-1 : 1-dimethylpiperidinium iodide was prepared in quantitative yield by adding excess of 
methyl iodide to the free base in ice-cold aldehyde-free ether and allowing it to stand for 7 days; the 
colourless, hygroscopic microcrystals, m. p. 186—188° (decomp.), recrystallised from methanol with a 
molecule of methyl alcohol, m. p. 189—190°. [Howton, Joc. cit., gives m. p. 187-6—188-0° (decomp.) 
and describes this compound as a hemiketal.] The molecule of methyl alcohol is tenaciously held but 
is slowly removed at 110°/0-1 mm. The methiodide crystallised from ethanol-ether with varying 
quantities of solvent of crystallisation which are difficult to remove, and from 96% aqueous acetone 
as colourless prisms of a monohydrate (Found: C, 30-7; H, 5-9; N, 5-0; I, 47-1. C,H,,ONI,H,O 

uires C, 30-8; H, 5-9; N, 5-1; I, 46-7%). The methiodide is best prepared in a pure state in reason- 
ably large crystals by adding methyl iodide to a refluxing solution of the piperidone in dry isop ol; 
aaa prisms, m. p. 202—204° (decomp.) (Found: N, 5-2; I, 49-6. C,H,,ONI requires N, 5-5; 

, 49- : 


%)- 
1-Ethyl-4-piperidone was prepared from 2 : 2’-dicarbethoxytriethylamine (195 g.) in the same manner 
as for 1-methyl-4-piperidone. Fuson, Parham, and Reed (loc. cit.) quote a yield of 82—87%, but this 
refers to the crude hydrochloride whose m. p. they do not record. The yield of free base (not previously 
described) was 40—60 g. (40-00). b. p. 46—48°/1 mm.; it distilled at 38°/0-5 mm. (Found: N, 11-0. 
is b 


C,H,,ON requires N, 11-0%). ase was stable indefinitely at 0° and after 5 months’ storage at 
room temperature had etre gx a yellow colour, but recovery of pure methiodide was over 80%. 
Its hydrogen oxalate crystallised in glistening flat pri from moist acetone but had an indefinite m. p. 
(75—100°). Analysis indicated the presence of $ mol. of water of crystallisation which could not be 
removed without decomposition (Found: C, 47-7, 47-8; H, 6-5, 6-2; N, 6-2. C,H,,ON,C,H,O,,4H,O 
requires C, 47-8; H, 7-1; N, 6-2%). 

4-Keto-1-methyl-1-ethylpiperidinium iodide was-prepared in hot isopropanol (it could be crystallised 
from ethanol without becoming solvated only by rapidly chilling a hot solution); colourless prisms, 
m. p. 180—182° (decomp.), dependent on rate of heating (Found: N, 4-9; I, 47-2. C,H,,ONI requires 
N, 5-2; I, 47-2%). In admixture with the dimethyl analogue, the m. p. was 183—186° (decomp.). 

4-Keto-1 : 1-dimethylpiperidinium iodide crystallised in pale yellow prisms from isopropanol; m. p. 
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156—160°, with sintering at 154° (Found: C, 38-1; H, 6-4; N, 4-9; I, 44-8. C,H,,ONI requires 
C, 38-2; H, 6-4; N, 5-0; I, 44-9%). 

Ethyl 1-(5’-Dimethylamino-3’-ketoamyl)cyclopentan-2-one-1-carboxylate (VII).—(A) 1-Methy]-4-piper- 
idone (6-92 g.), benzene (150 c.c.), and methyl iodide (8-7 g.) were mixed and left for 3 days at room 
temperature. Ethyl cyclopentan-2-one-l-carboxylate (8-56 g.) in benzene (100 c.c.) was added, and 
the mixture was stirred at 0° under nitrogen while potassium ethoxide (potassium 2-28 g., ethanol 
27 c.c.) was run in during one hour. After 2 hours at 0° the mixture was filtered from potassium iodide, 
kept overnight at room temperature, and extracted with ice-cold 2N-hydrochloric acid. The acid layer 
was made alkaline with anhydrous potassium carbonate (below 5°), extracted several times with ether, 
and dried (Na,SO,); a stream of dry hydrogen chloride the “al gag, cone a gummy hydrochloride 
which partly crystallised. The hydrochloride of (VII) crystallised in micro-needles (1-02 g., 5%) from 
ethanol-ether; m. p. 194—196° with sintering at 185°. After crystallisation from ethanol-ether and 
then isopropanol it melted at 200—202° (Found: C, 56-4; H, 8-6; N, 4-2; Cl, 11-1. C,,H,,O,N,HCl 
requires C, 56-4; H, 8-2; N, 4-4; Cl, 11-1%). The picrate crystallised in flat rods, m. p. 126—128-5°, 
with sintering at 124°, from isopropanol (Found: C, 49-3; H, 5-6; N, 11-1. C,,;H,,0,N,C,H,O,N; 
requires C, 49-2; H, 5-5; N, 10-9). 

(B) 4-Keto-1 : 1-dimethylpiperidinium iodide (52 g.), ethyl cyclopentan-2-one-1-carboxylate (32 g.), 
and benzene (250 c.c.) were stirred at 0° under nitrogen while potassium ethoxide (potassium 7-4 g., 
ethanol 90 c.c.) was run in during one hour. The mixture was left for 4 days at room temperature, 
filtered from potassium iodide, and poured into ether (200 c.c.) containing anhydrous oxalic acid (24 g.). 
The gummy oxalates were washed with ether and fractionally crystallised from aqueous ethanol, and 
then from isopropanol. There were obtained: (i) 0-7 g. of colourless needles (from 85% aqueous 
ethanol), m. p. 152—153°, alone or admixed with the by-product from the acetoacetate alkylation 
(see below) ; (ii) 2-3 g. (8%) of colourless rods, from methanol, of the hydrogen oxalate of (VII), m. & 
169—170° (decomp.), with sintering at 165° (Found: C, 55-0; H, 7:2; N, 3-9. C,,;H,,0,N,C,H, 4 
requires C, 54:8; H, 7-2; N, 3-8%); and (iii) 3-35 g. of micro-plates from isopropanol, softening at 75 
and slowly melting to a clear liquid at 110°. This substance could not be purified further by recrystal- 
lisation. Analysis (Found: C, 52-3, 51-8; H, 7-3, 7-3; N, 5-5, 5-2%) suggested that it was a mixture 
of the oxalate (ii) and the oxalate of a simpler base. 

Ethyl 1-(3’-Ketopent-4’-enyl)cyclopentan-2-one-1-carboxylate (IX).—The crude free base from method 
(B) (above) was distilled. There was pronounced decomposition and a neutral oil, b. p. 145—150°/0-5 mm., 
was collected; yield 17%, based on the original piperidone methiodide used. The oil was washed 
with dilute acid to remove any base and redistilled, the ethyl ester (IX) distilling at 138—144°/0-5 mm. 
(Found: C, 64-9, 65-1; H, 7-9, 7-9. C,3H .O, requires C, 65-0; H, 8-3%). There was much residue 
in the distillation flask, indicating the ready polymerisation of this vinyl ketone. : 

5-Keto-4-dimethylaminomethyl-5 : 6 : 7 :8-tetrahydroindane (VIII).—The reaction mixture from 4-keto- 
1 : 1-dimethylpiperidinium iodide (52 g.) and ethyl cyclopentan-2-one-l-carboxylate (32 g.) as in 
method (B) (above) was extracted with ice-cold 2N-hydrochloric acid. The acid layer was made 
alkaline with anhydrous potassium carbonate (below 5°) and extracted with ether. The ether, after 
drying over sodium sulphate, was removed in a vacuum, and the residue was heated in a vacuum to 
60°. The residual basic oil (42 g.) was heated under reflux under nitrogen with acetic acid (1200 c.c.) 
and concentrated hydrochloric acid (200 c.c.) for 8 hours. After removal of the solvents in a vacuum 
on the steam-bath, the residue was dissolved in water (50 c.c.) and extracted with ether to remove 
some gum. The aqueous layer was made alkaline with anhydrous potassium carbonate (below 5°) 
and extracted with ether. The ether extract after being dried (Na,SO,) was poured into ether (200 c.c.) 
containing anhydrous oxalic acid (16 g.). Fractional crystallisation of the acid oxalates from ethanol 
gave (i) 0-5 g., colourless needles (from aqueous ethanol), m. p. 149—151° alone or admixed with the 
by-product from the acetoacetate alkylation (see below) ; (ii) 1-7 g. of fern-like prisms (from ethanol), 
m. p. 145—147° alone or admixed with an authentic specimen of dimethylamine hydrogen oxalate, 
and (iii) 7-5 g.(13%) of irregular plates (from ethanol), m. p. 114—118°. After three recrystallisations 
from ethanol, the hydrogen oxalate of the ketone (VIII) melted at 120—121° with sintering at 115° 
(Found: C, 59-2; H, 7-4; N, 5-1. C,,;H,,ON,C,H,O, requires C, 59-4; H, 7-4; N, 5-0%). 

Ethyl 8-Dimethylamino-2 : 6-diketo-octane-3-carboxylate.—4-Keto-1 : 1-dimethylpiperidinium iodide 
(12-8 g.), ethyl acetoacetate (6-5 g.), and benzene (150 c.c.) were stirred at 0° under nitrogen while 
potassium ethoxide (potassium 1-85 g., ethanol 22 c.c.) was run in during one hour. After standing 
overnight at room temperature, the mixture was filtered from potassium iodide and diluted with ether 
(300 c.c.). A small amount of a cream-coloured solid, which rapidly nas mg and went brown in 
air, was filtered off (this may have been the salt 4-keto-1 : 1-dimethylpiperidinium, ethyl acetoacetate). 
The filtrate was poured into ether (50 c.c.) containing anhydrous oxalic acid (5-5 g.). The gummy 
oxalate was washed with ether and extracted with 95% aqueous ethanol. On cooling, fine white needles 
(0-84 g.) separated, m. p. 148—150°. 2: 2’-Bisdimethylaminodiethyl ketone dihydrogen dioxalate melted 
at 152—153° after two recrystallisations from aqueous ethanol. It gave a red colour with 2 : 4-dinitro- 
phenylhydrazine but no colour with ferric chloride (Found: C, 44-3, 44-4; H, 7-0, 6-7; N, 81. 
C,H,ON,,2C,H,O, requires C, 44:3; H, 6-8; N, 8-0%).. The aqueous-alcoholic mother-liquors from 
this separation, on standing at 0°, deposited successive crops of white needles (total yield 3-73 g., 21%). 
The crude substance softened at 54° and slowly melted to a clear liquid at 113°. Reguited crystallis- 


ations from ethanol gave fine white needles of ethyl 8-dimethylamino-2 : 6-diketo-octane-3-carboxylate 
hydrogen oxalate (as X; R = CH,*NMe,), softening at 72° and melting at 109—110°, but melting com- 
pletely when put into a bath at 100°. It gave a dark green colour with alcoholic ferric chloride (Found : 
C, 51-8; H, 7-5; N, 3-7; OEt, 13-3. CusHasOeN CHO, requires C, 51:9; H, 7:2; N, 40; OEt, 


13-0%). Large-scale runs gave lower yields and appreciable quantities of the oxalate of ethyl 4-(2’- 
dimethylaminoethyl)cyclohex-3-en-2-one-1-carboxylate. 

Ethyl 4-(2’-Dimethylaminoethyl)cyclohex-3-en-2-one-1-carboxylate (XI; R = CO,Et, R’ =NMe,).— 
The foregoing acid oxalate of (X; R = CH,*NMe,) (2-5 g.) was added > | to well-stirred ice-cold 
concentrated sulphuric acid (20 c.c.). Stirring was continued until all the solid had dissolved (2 hours), 
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and the mixture was kept overnight at 0°. The mixture was poured into chopped ice (100 g.) and 
saturated with anhydrous potassium carbonate (below 10°). The liberated base was precipitated from 
ether as the acid oxalate. The hydrogen oxalate of (XI; R = CO,Et, R’ = NMe,) crystallised in 
colourless, slender rods from ethanol-ether; m. p. 116—117°, with sintering at 114°. It gave a deep 
green colour with alcoholic ferric chloride (Found: C, 54-7; H, 6-9; N, 4-1. C,,;H,,0,N,C,H,O, 
requires C, 54-7; H, 6-7; N, 43%). The hydrochloride crystallised in colourless micro-needles from 
ethanol; m. p. 142—143° with previous greying. It gave a d green colour with alcoholic ferric 
chloride, and immediately decolorised neutral permanganate (Found : C, 56-4; H, 8-0; N, 5-0; Cl, 13-1. 
C,3H,,0,;N,HCI requires C, 56-6; H, 8-0; N, 5-1; Cl, 129%). The picrate crystallised in light yellow 
rods from isopropanol; m. p. 122—123° (Found: C, 49-0; H, 5-2; N, 12-0. C,,;H,,0O,N,C,H,O,N, 
requires C, 48-7; H, 5-1; N, 12-0%). 

1-(2’-Dimethylaminoethyl)cyclohex-l-en-3-one (XI; R = H, R’ = NMe,).—The foregoing hydrogen 
oxalate (2-27 g.) was refluxed for one hour with 20% hydrochloric acid tis c.c.). The residue, after 
removal of solvent under reduced pressure, was taken up in a little water and made alkaline with 
potassium carbonate. The base was precipitated from ether as the hydrogen oxalate, which crystallised 
in long prisms (1-37 g., 77%) from ethanol-ether; m. p. 135—136° (Found: C, 56-0; H, 7-8; N, 
5-6. Cy9H,,ON,C,H,O, requires c 56-0; H, 7-4; N, 5-5%). 

m-(2-Dimethylaminoethyl)phenol._—The above oxalate (1-66 g.) in acetic acid (20 c.c.) was cautiously 
treated with bromine (1-04 g.) at 0°. The pale red solution on warming for 3 hours on the steam-bath 
evolved copious fumes of hydrogen bromide and went black. The residue after removal of solvent 
under reduced panes was taken up in a little water and made alkaline with potassium carbonate. 
The liberated oil was extracted with ether, and the ether was then extracted three times with 2N-sodium 
hydroxide. The alkaline extracts were made acid with hydrochloric acid and non-basic phenolic 
products were removed with ether. The aqueous layer was then again made alkaline with potassium 
carbonate and the aminophenol was extracted with ether. The residue after removal of ether slowly 
crystallised in a vacuum desiccator. It was pressed on a plate, and the solid (0-2 g.) recrystallised 
three times from cyclohexane. m-(2-Dimethylaminoethyl)phenol melted at 97-5—100° (D.R.-P. 233,069; 
Friedlander, Vol. 10, p. 1229, gives m. p. 103°). Mixed with an authentic 2 prepared from 
m-hydroxybenzaldehyde (m. p. 99—100-5°; for preparation see below), it melted at 98-5—100° (Found : 
N, 8°3. Calc. for CjH,,ON: N, 8-5%). 

2-m-Methoxyphenylethylamine.—m-Methoxy-w-nitrostyrene (9-0 g.) (prepared from m-hydroxy- 
benzaldehyde by the method of Gulland and Virden, J., 1929, 1791), acetic acid (400 c.c.), concen- 
trated sulphuric acid (10 c.c.), and platinum oxide (0-5 g.) were hydrogenated at 10 atm. at room 
temperature. Hydrogen absorption exceeded the theoretical by 10% in one hour. The solution 
was filtered from the catalyst, and water and excess of sodium acetate were added. The filtrate was 
evaporated to dryness under reduced pressure and the residue was treated with excess of 40% sodium 
hydroxide and extracted with ether. 2-m-Methoxyphenylethylamine hydrochloride was isolated in 
the usual manner and was identical with an authentic specimen prepared from m-methoxy-f-phenyl- 
propionamide by Helfer’s method (Helv. Chim. Acta, 1924, 7, 945). 

Trimethyl-2-m-methoxyphenylethylammonium Iodide.—2-m-Methoxyphenylethylamine hydrochloride 
(1-24 g.) was heated under reflux for 3 hours with potassium carbonate (1-37 g.), methyl iodide (2 c.c.), 
and methanol (20 c.c.). The required A gerwrid todide crystallised in colourless plates from methanol 
or ethanol; m. p. 184—186° (Found: N, 4-3, 4-4; I, 39-9, 39-9. C,,H,,ONI requires N, 4-4; I, 39-6%). 

m-(2-Dimethylaminoethyl)phenol.—The above iodide was quite stable at 180—190° but at 200— 
220° in a vacuum it decomposed, mostly with loss of trimethylamine but to a small extent with loss 
of methyl iodide. After the heating, the flask was rinsed with ether, and the ether, after filtration, 
was removed. The residue was refluxed with decolorised constant-boiling hydriodic acid in a stream 
of nitrogen for 30 minutes. The solvent was removed under reduced pressure and the residue was 
shaken with water and ether. The aqueous layer was made alkaline with potassium carbonate and 
the amino-phenol was extracted with ether. e ether, after being dried (Na,SO,), was removed, 
and the residue slowly crystallised in a desiccator. After several recrystallisations from cyclohexane 
it melted at 99—100-5° (Found : N, 8-7. Calc. forC,)H,,ON : N,8-5%). In one experiment, demethyl- 
ation with a sample of hydriodic acid containing considerable quantities of free iodine gave an iodo- 
2-m-dimethylaminoethylphenol, m. p. 132—133°, from ethanol-light petroleum (b. p. 40—60°) (Found : 
C, 40-8; H, 4-4. Cy H,,ONI requires C, 41-2; H, 48%). 

Ethyl 5-dimethylamino-3-ketoamylmalonate was prepared from 4-keto-1 : 1-dimethylpiperidinium 
iodide (12-8 g.) and ethyl malonate (8-0 g.) in the normal manner and isolated as the hydrogen 
oxalate; yield 4-8 g. (25%) of imperfect micro-needles, m. p. 82—86°. After two recrystallisations from 
acetone and two from ethyl acetate, this salt melted at 87—-89° (Found: C, 50-6; H, 7-0; N, 4-0. 
C,,H, O,N,C,H,O, Ti uires C, 50-9; H, 7-2; N, 3-7%). 

Ethyl 1-(5’-Methylethylamino-3’-ketoamyl)cyclohexan-2-one-1-carboxylate (XVI).—The isolation of 
this substance gave much trouble and the following directions must be followed precisely. 4-Keto- 
1-methyl-1-ethylpiperidinium iodide (54 g.), ethyl cyclohexan-2-one-l-carboxylate (34 g.), and benzene 
(150 c.c.) were stirred at 0° under nitrogen while potassium ethoxide (potassium 7-4 g., ethanol 100 c.c.) 
was run in during one hour. The mixture was stirred at 0° for a further hour and then at room tem- 

ture for an hour. The mixture was filtered from potassium iodide and extracted with ice-cold 
2n-hydrochloric acid. The aqueous layer was cooled to 0°, saturated with potassium carbonate, and 
extracted with ether, washed with a little saturated brine and dried (Na,SO,). The basic oil, after 
removal of ether and the residual ethanol in a vacuum (finally at 45°), was taken into toluene and 
filtered from some gum. The base was then re-extracted with ice-cold 2N-hydrochloric acid, liberated 
with potassium carbonate, and precipitated from the dried ethereal solution as the hydrogen oxalate, 
which slowly crystallised (56 g., 72%), m. p. 88—93°. It recrystallised in — micro-plates from 
ethanol—ether, isopropanol, or ethyl acetate. After four recrystallisations from ethyl acetate it melted 
at 93—94-5° and aos consecutive and concordant anal for carbon, hydrogen, an —— suggested 
that it was contaminated with approximately 10% of methylethylamine oxalate. The base was 

ZZ 
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prepared from this sample and treated with methyl iodide. The oily methiodide on recrystallisation 
from ethanol gave a very small quantity of trimethylethylammonium iodide, m. p. >300° (Found: 
C, 27-9; H, 6-3. Calc. for C;H,,NI: C, 27-9; H, 6-5%). The free base on treatment with ethyl 
iodide gave a very small quantity of methyltriethylammonium iodide, m. p. >300° (Found : I, 52-0. 
Calc. for C;H,,NI: I, 52-3%). This suggested that the substance was extremely unstable even as 
the hydrogen oxalate, which was therefore recrystallised from a gyre solvent and, after three 
recrystallisations from acetone, was obtained pure, m. p. 95—97°, with softening at 94°. Analyses 
were slightly variable (Found: C, 56-6, 56-1, 57-6, 57-8, mean 57-0; H, 7-5, 7-4, 7-6, 7-7, mean 
76. C4,H»O,N,C,H,O, requires C, 56-9; H, 7-7%). 

2 : 2’-Dicarbethoxydiethyl Ethey.—Hydrolytic esterification of 2: 2’-dicyanodiethyl ether (Bruson 
and Riener, J. Amer. Chem. Soc., 1943, 65, 23) with ethanolic hydrogen chloride gave the dicarbethoxy- 
ether, b. p. 109°/1-2 mm., n}f° 1-4324 (Found: C, 54-7; H, 8-2. C, H,,O; requires C, 55-0; H, 8-3%). 
The parent acid crystallised from carbon disulphide in colourless rods, m. p. 62—63° (Found : C, 44-4; 
H, 6-4. C,H,O, requires C, 44-4; H, 62%). Wislicenus (Annalen, 1873, 166, 39) described the 
disodium salt of this acid. 

2: 2’-Dichlorodiethyl Ketone.—The following modification of the method of Catch, Elliott, Hey, 
and Jones (loc. cit.) gave excellent results. Dry ethylene was passed into a well-stirred solution of 
aluminium chloride (33 g.) and £-chloropropiony] chloride (32 g.) in nitromethane (25 c.c.) at 0°. After 
7 hours the net gain in weight was 4-5 g. (theory 7-0 g.). The reaction mixture was poured on to 
chopped ice and extracted with ether. The ether was washed with ice-cold aqueous sodium hydrogen 
carbonate and dried at 0° over sodium sulphate. The ether was removed in a vacuum, and the product 
distilled; yield 19-0 g., b. p. 78°/6 mm.—88°/1 mm. This liquid was saturated at 0° with dry hydrogen 
chloride and allowed to stand at 0° for 48 hours: On redistillation there were obtained 9-1 g., b. p. 72— 
73-5°/2 mm., n}é° 1-4676, and 9-5 g., b. p. 73-5—77°/2 mm., nj" 1-4710 (Found: C, 38-2; H, 5-3; 
Cl, 46-2. Calc. for C;H,OCI,: C, 38-7; H, 5-2; Cl, 45-8%) (Catch et al., loc. cit., give b. p. 74°/0-8 mm., 
ni$* 1-4726). Both fractions were suitable for preparative work although the former contained some 
2-chloroethyl vinyl ketone. The ketone when pure is quite stable at 0°, but at room temperature 
polymerises with loss of hydrogen chloride. 

2 : 2’-Bisdimethylaminodiethyl Ketone.—2 : 2’-Dichlorodiethyl ketone (2 c.c.) was dropped slowly 
into excess of 25% aqueous dimethylamine. After 24 hours at room temperature the solution was cooled 
in ice, saturated with potassium carbonate, and extracted with ether. The dihydrogen dioxalate was 
recrystallised from aqueous ethanol; colourless needles, m. p. 155—156°. When mixed with a speci- 
men (m. p. 152—153°) isolated from the alkylation of ethyl acetoacetate with 4-keto-1: 1-dimethyl- 
piperidinium iodide, the mixture melted at 154—156° (Found: C, 4-2, 44-4; H, 6-3, 6-8; N, 8-2, 8-1. 
C,H ON,,C,H,O, requires C, 44:3; H, 6-8; N, 8-0%). 

Alkylation of Ethyl Acetoacetate (2 Mols.) with 4-Keto-1-methyl-1-ethylpiperidinium Iodide (1 Mol.).— 
The iodide (83 g.), ethyl acetoacetate (39 g.), and benzene (300 c.c.) were stirred at 0° under nitrogen 
while potassium ethoxide (potassium 11-7 g., ethanol 140 c.c.) was run in during 24 hours. Stirring 
was continued for 1 hour at 0° and 2 hours at room temperature. Methyl iodide (42-6 g.) was then 
added. After two days the pH of the mixture had reached a constant value of 3-4. The mixture 
was cooled to 0°, and ethyl acetoacetate (39 g.), followed by potassium ethoxide (potassium 11-7 g., 
ethanol 140 c.c.), was run in with stirring during 24 hours. After a further hour the mixture was 
extracted with ice-cold 2N-sulphuric acid, and the acid layer was extracted once with benzene. The 
combined benzene extracts were washed with water and then repeatedly extracted with ice-cold 
2n-sodium hydroxide solution until the benzene layer gave no colour with ferric chloride. The alkaline 
extracts were immediately run into ice-cold 2N-sulphuric acid. The f-keto-ester was extracted with 
ether and dried (Na,SO,). The unchanged ethyl acetoacetate was removed by distillation under 
reduced pressure and the liquid was degassed at 140°/0-1 mm. A small portion decomposed on direct 
distillation at 0-03 mm. and a further portion was therefore subjected to molecular distillation and 
four fractions were collected : ((i) 30" 1-4745, (ii) n?} 1-4772, (ii) n®” 1-4755, (iv) 30° 1-4785. The 
fractions were nearly identical and probably consisted of ethyl 2:6: 10-triketoundecane-3 : 9-dicarb- 
oxylate (XVIII; R =H) contaminated with some cyclised material [Found: (i) C, 61-0; H, 9-2; 
(ii) C, 61-2, 60-9; H, 7-7, 7-3; (iii) C, 60-4, 60-5; H, 7-5, 7-8; (iv) C, 60-5, 60-7; H, 7-1, 7-6. C,,H,,O, 
requires C, 59-7; H, 7-6%. C,,H,,O, requires C, 63-0; H, 7-4%]. Each fraction gave a violet ferric 
chloride colour and an oily 2 : 4-dinitrophenylhydrazone which could not be induced to crystallise. 

Alkylation of Ethyl B-Ketovalerate (2 Mols.) with 2: 2’-Dichlorodiethyl Ketone (1 Mol.).—Sodium 
(3-2 g.) was powdered under xylene and the xylene was replaced by ether (100 c.c.). Ethyl B-keto- 
valerate (20 g.) was added at 0° and the flask was kept at 0° for 3 days, by which time formation of 
the sodio-derivative was complete. The mixture was cooled to —78° and 2: 2’-dichlorodiethyl ketone 
(14-4 g.) in ether (50.c.c.), precooled to —78°, was added. .The flask was placed in a ‘“‘ Thermos ”’ flask 
full of cellosolve—dry ice for 4 days, the temperature then having risen to 5°. The mixture was decom- 
posed with ice and dilute hydrochloric acid, and the ethereal layer was washed with sodium hydrogen 
carbonate solution. After being dried (Na,SO,), the ether and a small quantity of xylene were removed 
under reduced pressure. The residual oil was taken up in ether, filtered from some gum, and extracted 
with ice-cold 2N-sodium hydroxide until the ethereal solution gave no ferric chloride colour. The 
alkaline extracts were immediately run into ice-cold 2N-sulphuric acid. The B-keto-ester was isolated 
with ether and low-boiling impurities were removed under vacuum (130°/0-1 mm.). The remaining 
golden oil darkened on keeping and decomposed on attempted distillation. It was probably sub- 
stantially pure ethyl 3: 7: 11-triketotridecane-4 : 10-dicarboxylate (XVIII; R = Me) (Found: C, 62-1; 
H, 7-4. Cy, 9H 3,0, requires C, 61-6; H, 8-1%). It gave a deep red-brown colour with ethanolic ferric 
chloride and an oily 2 : 4-dinitrophenylhydrazone. 

Ethyl 2 : 6-Diketoheptane-3-carboxylate.—Pure diethylaminobutan-3-one (14-3 g.) (Wilds and Shunk, 
loc. cit.) was cooled in ice and methyl iodide (14-2 g.) was added in about ten equal portions (with 
constant swirling). The methiodide crystallised on the walls of the flask. (This endinigns was used at 
the suggestion of Dr. J. W. Cornforth, see also Part XLVIII, J.,in the press.) After 2 hours, ethyl aceto- 





[1949] Substances related to the Sterols. Part XLVII. 715 


acetate (11-7 g.) in benzene (100 c.c.) was added, and potassium ethoxide (potassium 3-7 g., ethanol 
44 c.c.) was run in with stirring. After 3 hours at 0° the mixture was filtered from potassium iodide 
and concentrated to a small bulk on the steam-bath. The residue was extracted with ether, and the 
ether was washed with sodium hydrogen carbonate solution, dried, and distilled, giving 10-3 g. of ethyl 
2 : 6-diketoheptane-3-carboxylate, b. p. 113—114°/2 mm. A small portion on redistillation gave the 
ure diketone, b. p. 101—102°/1 mm., njp” 1-4490 (Found: C, 59-9; H, 7-8. C,.9H,,O, requires C, 60-0; 
, 80%). With 2: 4-dinitrophenylhydrazine and alcoholic sulphuric acid it gave a yellow derivative 
which was crystallised to constant m. p. from benzene; yellow rectangular prisms, m. p. 141—141-5° 
(sintering at 140°). Analyses were variable but the carbon analyses suggested that it was a pyrazolone 
(Found : C, 50-6, 50-1, 49-6; H, 4-6, 4-4, 4-5; N, 19-8, 19-8, 20-1, 21-1, 18-3, 18-6. C,,H,,O,N, requires 
C, 50-3; H, 4-2; N, 168%). On cyclisation with dry sodium ethoxide in boiling benzene the diketone 
gave Hagemann’s ester, identified as the semicarbazone, m. p. 169° (Rabe and Rahm, Ber., 1905, 38, 
971, give m. p. 169°). 
5-Methyl-2-dimethylaminomethylphenol.—Dimethylamine (25% aqueous solution, 32-4 g.) was added 
slowly with stirring to m-cresol (18 g.), followed by formaldehyde (30% aqueous solution, 16 g.). The 
mixture was stirred at room temperature for 1} hours and then on the steam-bath for 2 hours. The 
cooled mixture was extracted with ether, and the ether then extracted with 2n-hydrochloric acid. The 
acid extract was treated with potassium carbonate and extracted with ether. The ether, after drying 
over sodium sulphate, was removed and the residual oil was distilled ; yield 12-8 g., b. p. 58—61°/0-04 mm. 
The distillate solidified on cooling. The phenol crystallised from m-hexane at —50° in colourless prisms, 
m. p. 45—46-5° (sintering at 43—45°) (Found: C, 72-4; H, 8-7; N, 8-6. C,9H,,ON requires C, 72-6; 
H, 9-1; N, 85%). This phenol gave a red colour with aqueous ferric chloride solution, the colour 
being discharged on acidification. 
p-Xylenol.—The foregoing phenol (5-8 g.) in dioxan (50 c.c.) was hydrogenated for five hours over 
copper chromite (3-0 g.) at 128 atm./160°. The solution was filtered from copper chromite and dis- 


tilled. -Xylenol (3 g.), m. p. 75° (lit., m. p. 75°) was obtained. It gave no colour with alcoholic 
ferric chloride. 


Analyses are by Drs. Weiler and Strauss and by Mr. A. Bennett. 


WELLCOME CHEMICAL RESEARCH LABORATORIES, 
BECKENHAM, KENT. 
Kino’s CoLteGe, NEWCASTLE-UPON-TYNE. (Received, June 22nd, 1948.] 





152. Experiments on the Synthesis of Substances related to the Sterols. 


Part XLVII. The Synthetic Use of Thiacyclohexan-4-one Methiodide. 
By H. M. E. CARDWELL. 


Thiacyclohexan-4-one methiodide (III) has been shown to alkylate B-keto-esters yielding 
1 : 5-diketones in which the potentially reactive methylthio-group is retained. Ethyl malonate 
and 2-nitropropane have similarly been alkylated. 

By-products in these alkylation reactions have included 2-methylthioethyl vinyl ketone and 
2: 2’-dimethylthiodiethyl ketone. Methyl- and ethyl-thiobutan-3-one have been prepared. 


In the preceding paper a possible method of elaborating the sterol skeleton, involving the 
alkylation of §-keto-esters with 4-keto-1 : l1-dialkylpiperidinium iodides, was outlined. The 
derived dialkylamino-diketones were unstable to distillation and their separation from 
by-products accordingly presented difficulties. There were reasons for expecting greater 
stability in the analogous alkylthio-compounds and their preparation from $-keto-esters and 
thiacyclohexan-4-one methiodide (IIT) has now been studied. 


. an 
fa, et H, CH, 
H, CH-CO,Et is H, 
N6 6 

(I.) (II.) 


Thiacyclohexan-4-one * (II) and the methiodide (III) were prepared by Bennett and Scorah 
(J., 1927, 194), who obtained a 40% yield of the cyclic 8-keto-ester (I) by treating 2 : 2’-di- 
carbethoxydiethyl sulphide with sodium ethoxide in ether in a freezing mixture, and an overall 
yield of 33% of the derived ketone (II). Ona molar scale we found that this method gave 
erratic results and the yield of the keto-ester seldom exceeded 30%. Alternative methods of 
cyclisation were unsatisfactory. Pyrolysis of the lead and barium salts of the sulphide gave 
lead and barium sulphides, whilst potassium in liquid ammonia (and diethylaminomagnesium 

* This nomenclature has been adopted at the suggestion of the Editor. 
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bromide in ether to a lesser extent) decomposed the ester to ethyl 8-mercaptopropionate and 
presumably ethyl acrylate. Lower temperatures therefore favour fission at expense of 
cyclisation, whilst high temperatures (for instance, sodium in boiling benzene; Bennett and 
Scorah, Joc. cit.) lead to formation of tar and sodium sulphide. The cyclic 8-keto-ester (I) was 
finally prepared consistently in 40% yield on a molar scale by cyclisation with sodium ethoxide 
in ether at room temperature. The main by-product was a high-boiling 8-keto-ester presumably 
formed by linear condensation of two or more molecules of the ester. Since the completion of 
this work, Fehnel and Carnack (J. Amer. Chem. Soc., 1948, 70, 1813) have reported the 
preparation of the corresponding methyl ester in 65% yield by cyclisation of 2 : 2’-dicarbo- 
methoxydiethyl sulphide with sodium methoxide in boiling ether. 

-Thiacyclohexan-4-one methiodide reacted smoothly with ethyl potassio-cyclopentanone- 
carboxylate to give a 60% yield of ethyl (5’-methylthio-3’-ketoamyl)cyclopentan-2-one-1- 
carboxylate (IV) (disemicarbazone, m. p. 194—195°). Unlike the analogous dimethylamino- 
compound (preceding paper), this diketone could be distilled under high vacuum with only minor 
decomposition. 

Ethyl 5-methylthio-3-ketoamylmalonate, CH,*S*CH,*CH,°CO°CH,°CH,°CH(CO,Et),, and 
2-nitro-7-methylthio-2-methylheptan-5-one, CH,*S*CH,*CH,°CO’CH,°CH,*CMe,*NO, (4-phenylsemi- 
carbazone, m. p. 156—157°), were prepared similarly from ethyl malonate and 2-nitropro- 
pane, respectively. The generality of this alkylation reaction having been established, it was 
applied to methyl 8-keto-«-methyladipate, as the first step in the projected sterol synthesis (see 
preceding paper). The product, methyl 9-methylthio-3 : 7-diketo-4-carbomethoxy-4-methylnonane- 
l-carboxylate (V), obtained in 70% yield, was an oil which could not be distilled without 
decomposition. It was contaminated with a small quantity of a substance of lower sulphur 
content (possibly the vinyl ketone). Preliminary attempts to cyclise this diketone or the 
diketone (IV) with retention of the carboxyl groups have been only partly successful. The 
bicarbonate washings from the preparation of the diketone (V), however, have yielded an acid 
(m. p. 99—99°5°). Analyses of this acid and of its p-bromobenzylthiuronium salt (m. p. 
132—133°) agree with its formulation as a cyclised product (VI or VII; R = Me, R’ = H, or 
less likely R = H, R’ = Me, for tertiary are known to be more resistant to hydrolysis than 
primary carbomethoxy-groups). This acid immediately decolourised neutral permanganate 
and bromine water, but it gave no colour reaction with 2: 4-dinitrophenylhydrazine, and a 
piperonylidene derivative could not be isolated. These observations suggest that it is methyl 
1-methyl-3-carboxymethyl-4-(2’-methylthioethyl)cyclohex-3-en-2-one-1-carboxylaite (VII; R= Me, 
R’ =H). Walker (j., 1935, 1585) has described an analogous cyclisation, ethyl sodio-«-iso- 
propylacetoacetate and methyl] 2-chloroethy] ketone giving directly the cyclohexenone (IX), and 
the intermediate diketone (VIII) not being isolated. In the projected sterol synthesis the cyclo- 
hexenone (VI) rather than (VII) is required and the cyclisation of the diketone (V) will therefore 
be further studied. 


H,C CO,Et H,C CH; 
CH, ¢-CO,Me 

CO CO-CH,°CH,°CO,Me C 

a’ 

H, O\¢ 


fe) 
CH,SMe CH,"SMe du -sMe 
(1V.) (VI.) 


H; 
-CO,R 
H 


~CH,"CH,CO,R’ 


; CH, CH 
CH ‘4 — 
( -CO,R “ 
A 0 (cot 
CH, CHyCO,R’ H LWS 
CH,SMe CH, Oo 
(VIL) (VIII) (IX.) 


By-products in alkylations with thiacyclohexan-4-one methiodide have included (a) a trace of 
thiacyclohexan-4-one, (b) 2-methylthioethyl vinyl ketone (methiodide, m. p. 116—117°), and (c) 
2 : 2’-dimethylthiodiethyl ketone (isolated as the dimethiodide, m. p. 126—128°). These compounds 
and the primary alkylation product account for 80—90% of the thiacyclohexan-4-one methiodide 
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used in the reaction. The reaction therefore takes a very similar course to the analogous reaction 
with 4-keto-1 : 1-dialkylpiperidinium iodides, with the advantage, however, that the products 
are more stable and easier to isolate, and with the disadvantages that thiacyclohexan-4-one is 
less accessible than the alkyl-4-piperidones, and that the alkylation products are more difficult 
to characterise. 

The extension of this alkylation reaction to straight-chain 8-alkylthio-ketones would have 
been a corollary to this work; these ketones have received little attention but the preparation 
of propylthiobutan-3-one from methyl vinyl ketone and propylthiol is described in 
. US.P. 2,010,828. Methylthiobutan-3-one (2: 4-dinitrophenylhydrazone, m. p. 94—95°) and 

ethylthiobutan-3-one (2 : 4-dinitrophenylhydrazone, m. p. 90—92°) have now been prepared from 
methyl 2-chloroethyl ketone and sodium thio-methoxide and -ethoxide, respectively. On 
treatment with methyl iodide they gave oily methiodides from which, in the former case, 
considerable quantities of trimethylsulphonium iodide were isolated. Their use as alkylating 
agents was not therefore explored.* 

In the preparation of methy] 6-keto-a-methyladipate (after Robinson and Seijo, J., 1941, 582), 
pure methyl a-methylacetoacetate was required. It is conveniently prepared by methylation 
of methyl sodioacetoacetate in benzene, but if a sample free from all traces of methyl aceto- 
acetate and methyl dimethylacetoacetate is required it may be prepared by methylation of 
methyl (-diethylaminocrotonate (compare Robinson, jJ., 1916, 109, 1038) and subsequent 
hydrolysis. In the preparation of the crotonate it was observed that diethylamine and methyl 
acetoacetate gave a colourless crystalline adduct which slowly liquefied with separation of water 
to give the crotonate. Similar crystalline adducts were obtained from ethylamine and diethyl- 
amine and ethyl cyclopentanonecarboxylate. These adducts rapidly reverted in free air to the 
bases and B-keto-esters and were too unstable to give consistent analytical figures. They could 


Et | Oe 
ee (XI) 


be recrystallised from non-polar solvents. Mr. H. M. Powell has suggested that they may be 


double hydrogen-bonded compounds, the two canonical forms for the diethylamine—cyclo- 
pentanonecarboxylate adduct being (X) and (XI). Alternatively, these compounds could be 


amino-alcohols of the aldehyde-ammonia type but their instability would be difficult to account 
for on this basis. 


EXPERIMENTAL. 
(M. p.s are uncorrected.) 


2 : 2’-Dicarbethoxydiethyl sulphide was prepared in My yield by the method of Gershbein and Hurd 
(J. Amer. Chem. Soc., 1947, 69, 241) from ethyl acrylate from which the polymerisation inhibitor had 
not been removed) and hydrogen sulphide with a trace of sodium methoxide. On treatment with methyl 
iodide it gave an oil from which ethyl B-methylthiopropionate methiodide was isolated; colourless prisms, 
m. p. 122 oad sintering at 108°) (Found : C, 28-9; H, 5-2; S, 11-1; 1,444. C,H,,0,SI requires 
C, 29-0; H, 5-2; S, 11-0; I, 43-8%). 

Ethyl B-Mercaptopropionate.—Potassium (12-5 g.) was dissolved in liquid ammonia (300 c.c.) and 
when the blue colour had yer the above sulphide (40 g.) was added slowly; after 3 hours’ 
standing, excess of ammonium chloride was added, and the ammonia allowed to evaporate overnight. 
The residue was extracted with dry ether and distilled, b. p. 76—78°/20 mm. (Karrer and Schmid, Helv. 
Chim. Acta, 1944, 27, 124, give b. p. 77-5°/20 mm.). There was negligible residue. It was characterised 
as the chloromercuri-derivative, from pyridine-ethanol, m. p. 131—133° (Found: Cl, 9-6; S, 8-6. 
C;H,O,SCIHg requires Cl, 9-6; S, 8-7%). 

htacyclohexan-4-one.—The following modification of Bennett and Scorah’s method (J., 1927, 194) 
was used. To sodium ethoxide (from powdered sodium, 25 g., and ethanol, 55 g.) in ether (2 1.) 2 : 2’-di- 
carbethoxydiethyl sulphide (234 g.) in ether (1 1.) was run in with stirring during 6 hours. After a 
further 12 hours the mixture was decomposed with ice-cold 2N-hydrochloric acid. The ethereal layer 
was washed with —— sodium hydrogen carbonate solution, dried (Na,SO,), and distilled. After a 
small forerun of ethyl P saenae cs gm mtg ee ny the main fraction was collected at 82—130°/1—2 mm. 
The residual oil gave a deep blue-purple ferric chloride colour and decom on attempted distillation. 
The main fraction was heated under reflux with 2n-sulphuric acid (700 c.c.) for 5 hours, cooled, and 
extracted with ether. The ethereal extracts were washed with cold 5N-sodium carbonate solution and 
dried (Na,SO,). The thiacyclohexan-4-one remaining after removal of the ether was recrystallised 
from light petroleum (b. p. 40—60°); yield 34 g., m. p. 61—62°, and of sufficient purity for preparative 
work (Bennett and Scorah, Joc. cit., give m. p. 65—66°). 

Ethyl thiacyclohexan-4-one-3-carboxylate methiodide was prepared from pure ethyl thiacyclohexan-4- 
one-3-carboxylate (b. E 110° r mm.). It crystallised from ethanol in prisms, m. p. 112—113° (decomp.) 
(Found : I, 38-3. C,H,,0,SI requires I, 38-5%). : 


* But see note, p. 719. 
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Thiacyclohexan-4-one methiodide crystallised from methanol-ether in colourless prisms, m. p. 82—85° 
(decomp.), with a molecule of methanol of crystallisation (Bennett and Scorah, loc. cit., give 
m. p. 112—113° for the non-solvated methiodide) (Found : C, 29-2; H, 4-5; S, 11-4; I, 44-9; OMe, 12-4. 
C,H,,OSI,CH,°OH requires C, 29-0; H, 5-2; S, 11-0; I, 43-8; OMe, 10-7%). 

Ethyl (5’ - Methylthio-3’ - ketoamyl)cyclopentan-2-one-1-carboxylate (IV).—Thiacyclohexan-4-one 
methiodide (29-0 g.), ethyl cyclopentan-2-one-1-carboxylate (14-8 g.), and benzene (300 c.c.) were stirred 
at 0° under nitrogen whilst potassium ethoxide (potassium, 3-71 g.; ethanol, 45 c.c.) was run in during 
an hour. The mixture was stirred at 0° until neutral to bromothymol-blue, filtered from potassium 
iodide, and concentrated on the steam-bath until all the ethanol was removed. The residue was cooled, 
and benzene and ice-water added. The benzene layer was washed with ice-cold 2N-sodium hydroxide 
until free from cyclopentanonecarboxylate and distilled. The ethyl ester (IV) was collected at 
156° /0-005 mm. to 170°/0-03 mm. ; yield 16-7 g. (58%). Onredistillation it boiled at 140—144°/0-01 mm. 
as a pale yellow viscous oil, nj” 1-5002 (Found : C, 58-6; H, 7-5; S, 10-9. C,,H,,0,S requires C, 58-7; 
H, 7-7; S, 11-2%). The ester gave an oily mercuric chloride derivative, an oily platinic chloride 
derivative, and an oily methiodide from which a trace of trimethylsulphonium iodide was isolated 
(Found: S, 158; I, 62-1. Calc. for C,H,SI: S, 15-7; I, 623%). The disemicarbazone crystallised 
from aqueous alcohol in needles, m. p. 194—195° (decomp.) (Found : C, 48-4; H, 6-7; N, 21-1; S, 8-5, 
7°8. C,gH,,0,N,S requires C, 48-0; H, 7-0; N, 21-0; S, 80%). An isomeric disemicarbazone was 
isolated from another preparation; needles from aqueous ethanol, m. p. 201—203° (decomp.), mixed 
m. p. with other sample, 182—184° (Found: C, 48-2; H, 7-0%). 

Attempted cyclisation. The ester (IV) (5 g.) was dissolved in syrupy phosphoric acid (d 1-82) (30 c.c.) 
and kept at room temperature for 24 hours. On dilution with water and extraction with ether a small 
fraction, b. p. 120—130°/0-005 mm., was collected; njf 1-5184. Analysis (Found: C, 62-0; H, 9-1; 
S, 10-6. Calc. for C,,H»O,S: C, 62-7; H, 7-5; S, 119%. Calc, for C,,H,,0,S: C, 58-7; H, 7-7; 
S, 11-2%) suggested that it was a mixture of cyclised and uncyclised material. 

Ethyl 5-methylthio-3-ketoamylmalonate was prepared similarly from  thiacyclohexan-4-one 
methiodide (29 g.) and ethyl malonate (16 g.); yield 12-0 g.(42%), b. p. 144—150°/0-07 mm. On 
redistillation, it boiled at 125—134°/0-007 mm. ; n}f*" 1-4762 (Found: C, 54-0; H, 7-6; S,11-0. C,,;H,,0,;S 
requires C, 53-8; H, 7-6; S, 11-0%). 

2-Nitro-7-methylthio-2-methylheptan-5-one was prepared similarly from  thiacyclohexan-4-one 
methiodide (29 g.) and 2-nitropropane (8-9 g.); yield 9-1 g. (41%), b. p. 128—140°/0-05 mm. On 
redistillation, it boiled at 105—108°/0-02 mm., n}#* 1-4942 (Found: C, 49-9; H, 7-3; N, 6-4; S, 14-7. 
C,H,,0,NS requires C, 49-3; H, 7-8; N, 6-4; S, 146%). Its 4-phenylsemicarbazone crystallised from 
ethanol in micro-needles, m. p. 156—157° (Found: C, 54:7; H, 6-8; S, 8-9. C,,H,,0O,N,S requires 
C, 54-5; H, 68; S, 9°1%). 

Methyl 9-Methylthio-3 : 7-diketo-4-carbomethoxy-4-methylnonane-1-carboxylate (V).—Methyl B-keto-a- 
methyladipate (redistilled 50-5 g.), thiacyclohexan-4-one methiodide (74 g.), and benzene (300 c.c.) were 
stirred in an ice-bath under nitrogen, whilst potassium methoxide (potassium 9-75 g., methanol 150 c.c.) 
was run in during 2 hours. After a further hour’s stirring a few drops on dilution with water were 
neutral to bromothymol-blue. The solution was filtered and concentrated on the steam-bath until the 
temperature of the distillate reached 78°. The residue was diluted with benzene, filtered, and washed 
with aqueous sodium hydrogen carbonate solution. The organic layer was washed with ice-cold 
2n-sodium hydroxide solution to remove unchanged f-keto-ester, then with dilute sulphuric acid and 
water. After drying (Na,SO,), the solvent was removed on the steam-bath and the residue was heated 
at 160—170°/0-1 mm. until the pressure started to fall. The residual pale yellow oil (60 g., 72%), n}§ 
1-4942, consisted of the methyl ester (V), contaminated with a substance of lower sulphur content, 
possibly the vinyl ketone (Found: C, 55-4; H, 6-9; S,8-9. C,,H,,O,S requires C, 54-1; H, 7-5; S, 9-6%). 

The methiodide, mercuric iodide—methiodide complex, auric chloride complex, platinic chloride and 
iodide complexes, 2: 4-dinitrophenylhydrazone, and semicarbazone were all intractable oils. 
Attempted cyclisation of this substance with ice-cold sulphuric acid, syrupy phosphoric acid, or hydrogen 
bromide in acetic acid gave very little water-insoluble material. 

Methyl 1-Methyl-3-carboxymethyl-4-(2’-methylthioethyl)cyclohex-3-en-2-one-1-carboxylate (VII; R= 
Me, R’ = H).—The bicarbonate extracts from the preceding preparation were acidified with 2N-hydro- 
chloric acid and extracted with ether. After drying over ium sulphate and removal of solvent, the 
residual oil was crystallised from benzene-light petroleum (b. p. 60—80°). The methyl ester (VII; 
R = Me, R’ = H) crystallised in flattened needles, m. p. 99—99-5° [Found : C, 56-3, 56-2, 56-1; H, 6-6, 
6-6, 6-4; S, 10-4; M (Rast), 286, 291; mat 276, 279. Cy 4H9O,S requires C, 56-0; H, 6-7; S, 10-7%; 
M and equiv., 300]. The p-bromobenzylihiuronium salt crystallised in colourless needles, m. p. 132—133°, 
from pone ee Found: N, 5-1; S, 11-4. C,,H,,0,S,C,H,)N,SBr requires N, 5-1; S, 11-7%). 

2-Methylthioethw Vinyl Ketone.—Low-boiling fractions from a number of alkylations with thiacyclo- 
hexan-4-one methiodide were combined and redistilled. The fraction boiling at 87—88°/15 mm. was 
collected; n}§ 1-4935; it was impure 2-methylthioethyl vinyl ketone (Found: C, 54-7; H, 7-5; S, 21-3. 
C,H, OS requires C, 55-4; H, 7-7; S, 246%). The methiodide crystallised from ethanol in colourless 
rods, m. p. 116—117° (decomp.) (Found: C, 30-9; H, 4:8; S, 11-9; I, 46-7. C,H,,OSI requires C, 
30:9; H, 4:8; S, 11-8; I, 46-7%). 


- £ ep yee Ketone.—The intermediate fractions (b. p. 50—110°/0-1 mm.) from a 


number of alkylations with thiacyclohexan-4-one methiodide were treated with methyl iodide. After 
two days at room temperature the mushy methiodide of the ketone was triturated with acetone and 
recrystallised from me ol to constant m. p.; it formed colourless prisms, m. p. 126—128° (decomp.) 
(dependent on rate of heating) (Found: C, 23-5; H, 4-2; S, 13-8; I, 54-8. C,H,,OS,I, requires C, 23-4; 
H, 4:3; S, 13-8; I, 55-0%). Mixed with the methiodide of 2-methylthioethyl vinyl ‘ketone, it melted 
at 102—104°. 

Methyl B-Keto-a-acetyl-a-methyladipate.—[This substance and methyl B-keto-a-methyladipate were 
prepared by Robinson and Seijo (jJ., 1941, 582) but except for b. p.’s, no details were given.] Methyl 
a-methylacetoacetate (130 g.) in ether (300 c.c.) was added to powdered sodium (23 g.) in ether (1000 c.c.) ; 
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when the formation of the sodio-derivative was complete, methyl succinic half-ester chloride (150 g.) in 
ether (400 c.c.) was dropped in with stirring and ice cooling. After standing for 12 hours at 
room temperature, the mixture was heated under reflux until it was neutral or slightly acid to litmus. 
After cooling, the mixture was filtered from sodium chloride and distilled. Methyl B-keto-a-acetyl-a- 
methyladipate boiled at 117—120°/0-1 mm. (idem, ibid., b. p. 135—137°/0-5 mm.). A sample on 
redistillation boiled at 118—120°/0-2 mm.; njf" 1-4572 (Found: C, 54-1; H, 6-5. C,,H,,O, requires 
C, 54-1; H, 6-6%). 

Methyl Kee a-methyladipate.—‘The foregoing acetyl ester (60 g.) in ether (350 c.c.) was saturated 
at 0° with dry ammonia. The acetamide which separated gradually liquefied, indicating that the 
alternative fission to methyl succinic half-ester amide occurred to an appreciable extent. The mixture 
was washed with water, dilute hydrochloric acid, and aqueous sodium hydrogen carbonate solution, 
dried, and distilled. Methyl B-keto-a-methyladipate distilled at 93—94°/0-1 mm.; n}§* 1-4458 (idem, ibid., 
b. p. 106—108°/0-3 mm.); yield 50% (Found: C, 53-5; H, 7-1. C,H,,O, requires C, 53-5; H, 6-9%). 

Methylthiobutan-3-one.—Methy] 2-chloroethyl ketone (50 g.) was added with cooling to sodium 
thiomethoxide (33 g.) in methanol (100 c.c.). The mixture was kept at room temperature for 2 days, 
and the methanol was removed on the steam-bath. The residue was extracted with ether, and the ether 
was washed with aqueous sodium hydrogen carbonate and dried. The residual liquid after removal of 
ether was carefully tionated ; yield 16-6 g., b. p. 75°/17 mm. On redistillation, methylthiobutan-3-one, 
a colourless mobile liquid of characteristic odour, boiled at 722—73°/16 mm.; njf* 1-4775 (Found: C, 
50-9; H, 8-5. C,H, OS requires C, 50-8; H, 85%). The 2: Ope ae goer crystallised in 
orange rods, m. p. 94—95° (Found: N, 18-2; S, 10-6. C,,H,,O,N,S requires N, 18-8; S, 10-7%). On 
treatment with methyl iodide the ketone gave an oily methiodide from which considerable quantities of 
trimethylsulphonium iodide (m. p. 202—205°) were isolated. 

Ethylthiobutan-3-one.—Ethylthiol (20-7 g.) was added to ice-cold sodium ethoxide (sodium 7-7 8+, 
ethanol 250 c.c.), followed by methyl 2-chloroethyl ketone (36 g.). On working up as above, ethylthio- 
butan-3-one was obtained as a colourless mobile liquid of characteristic odour; b. p. 84°/19 mm., njg° 
1-4738 (Found: C, 54:5; H, 8-6; S, 23-6. C,H,,OS requires C, 54-6; H, 9-1; S, 242%). The 
2 : 4-dinitrophenylhydvrazone crystallised in orange rods, m. p. 90—92° (Found: N, 17-9; S, 9-8. 
C,.H,,0,N,5S requires N, 17-9; S, 10-3%). The ketone gave an oily methiodide which gave oily iodoform, 
auric chloride, and mercuric iodide complexes. 

Methyl B-Diethylaminocrotonate.—On mixing equimolecular quantities of diethylamine and methyl 
acetoacetate much heat was evolved and large prisms soon formed. On further standing the crystals 
dissolved and water separated. After three weeks at room temperature the mixture was diluted with 
ether, dried (Na,SO,), and distilled. The fraction, b. p. 142—144°/17 mm., was collected; yield 70%. 
On redistillation methyl B-diethylaminocrotonate boiled at 134—136°/14 mm.; m}%° 1-5208 (Found: C, 
63-5; H, 9-6; N, 8-1. C,H,,0,N requires C, 63-2; H, 9-9; N, 8-2%). 

Methyl a-Methylacetoacetate.-—Methyl f-diethylaminocrotonate (40 g.) was refluxed with excess of 
methyl iodide for 10 hours. The mixture was then well shaken with ether to remove unchanged 
crotonate, and warmed with water (10 c.c.) for 20 minutes. The homogeneous solution was extracted 
repeatedly with ether, and the ethereal extracts dried (Na,SO,) and distilled. Methyl a-methyl- 
acetoacetate distilled at 72—73°/17 mm. (lit., b. p. 80°/20 mm.). Both the first and the last drop gave a 
pure blue colour with ferric chloride which is characteristic of monoalkylated acetoacetates. From the 
aqueous layer diethylamine hydriodide, m. p. 171—172° (lit., m. p. 172°), was recovered in almost 
quantitative yield. 

Adducts formed from Amines and Ethyl cycloPentanonecarboxylate.—(a) Ethylamine. On mixing 
equimolecular proportions of ethylamine and ethyl cyclopentan-2-one-l-carboxylate a white solid was 
formed. It crystallised in rosettes of long needles from cyclohexane, m. p. 75—78° (sealed capillary), 
with sintering at 70°. In free air it rapidly reverted to ethylamine and the ester; it was too unstable 
for consistent analytical results to be achieved. On keeping in a sealed tube it liquefied with separation 
of water. 

(b) Diethylamine. The complex which was similarly prepared in quantitative yield from diethyl- 
amine and the ester equal from light petroleum (b. p. 60—80°) in large colourless prisms, m. p. 
67—68° (sealed capillary). In a sealed tube it slowly darkened but was still crystalline after 6 months. 


Micro-analyses are by Drs. Weiler and Strauss and Mr. A. Bennett. I wish to thank 
Dr. F. J. McQuillin for the interest he has shown in this work and for many useful discussions. 


Note, added August 23rd, 1948.—The alkylation of ethyl cyclopentan-2-one-l-carboxylate with the 
oily methiodide of ethylthiobutan-3-one has now been accomplished, as follows. Ethylthiobutan-3-one 
(13-2 g.) was treated with excess of methyl iodide, and after 48 hours at room temperature the oily 
methiodide was washed with dry ether, dissolved in ethanol (40 c.c.), and added to ethyl cyclopentan-2- 
one-1l-carboxylate (15-6 g.) in benzene (150 c.c.). Potassium ethoxide (potassium 7-8 g., ethanol 90 c.c.) 
was added during 30 minutes to the stirred mixture at 0°. Stirring was continued at 0° for 3 hours and 
then at reflux temperature for 30 minutes. The mixture was decomposed with ice-water and extracted 
with ether. The extract, after being dried and distilled, gave ethyl octan-7-one-1 : 4-dicarboxylate, 
CH,°CO-CH,°CH,°CH(CO,Et)-CH,°CH,°CH,°CO,Et, b. p. 143—146/0-7 mm. (11-1 g., 34%). A pure 
sample boiled at 114—116°/0-01 mm.; m#}" 1-4485 (Found: C, 61-8; H, 88. C,,H,,O, requires C, 
61-8; H, 8-8%). The semicarbazone crystallised from cyclohexane in colourless needles, m. p. 78—79° 
(Found: C, 55-5; H, 8-1; N, 13-0. C,,;H,,O,N; requires C, 54-8; H, 8-7; N, 12-7%). Ring-opening 
to substituted adipic esters as above has previously been observed in the alkylation of ethyl cyclo- 
pentanone-l-carboxylate with benzyl chloride and ethyl maleate in the presence of alcoholic metal 
alkoxides (Duff and Ingold, J., 1934, 87; Ghosh, J. Indian Chem. Soc., 1947, 24, 45). 


WELLCOME CHEMICAL RESEARCH LABORATORIES, 
BECKENHAM. [Received, July 22nd, 1948.] 
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153. An Accurate Method for the Determination of Carbon Dioxide 
in Gas Samples. 


By R. R. Batpwin. 


A method has been developed for the accurate determination of the amount of carbon 
dioxide in gas samples. The procedure is to draw the gas from a sample bulb through a trap 
cooled in liquid air, at a slow rate controlled by a capillary restriction connected to a vacuum 
pump. When the sample has been completely removed, the trap containing the condensed 
carbon dioxide is transferred to another apparatus, where the carbon dioxide is vaporised and 
measured. The method is rapid and permits analyses to be carried out at the rate of one every 
20 minutes. The accuracy attainable approaches 0-001% of the total gas at low carbon 
dioxide concentrations, and about 0-25% of the carbon dioxide at higher concentrations. 
The method is easy and convenient, and does not require the full attention of the operator. 


Errors in manipulation are easily detected and can be rectified without repetition of the 
analysis. 


A FREQUENT problem in the study of combustion processes is the determination of the 
carbon dioxide content of a gas stream. This may involve either a direct determination of the 
carbon dioxide formed from the combustion of the fuel, or a determination of unburnt products 
such as carbon monoxide, hydrocarbons, etc., by removing the carbon dioxide with an absorbent 
such as “‘ Carbosorb”’ and oxidising these unburnt products to carbon dioxide by passage 
through a copper oxide furnace at 1000° before sampling. The range of carbon dioxide 
concentrations in such cases may be from 6% to 0°01% or lower. An earlier paper (Bamford 
and Baldwin, J., 1942, 26) has discussed the limitations of the conventional absorption methods 
when applied to the determination of small quantities, and has outlined a vacuum analysis 
method, based on the separation and direct measurement of the constituents by fractional 
condensation and oxidation methods. For example, carbon dioxide is determined by circulating 
the gas through a trap cooled in liquid air in which this gas condenses; after removal of the 
uncondensed gases, the carbon dioxide is vaporised and measured. 

Although that method is reliable and accurate enough to permit the detection of carbon 
dioxide concentrations as low as 0°003—0-005%, it has two disadvantages: first, the length 
of time required for analyses, which for a single carbon dioxide determination is at least one 
hour; secondly, the strain on the operator who is continually engaged in such operations as 
circulating the gas using a T6pler pump, removing the uncondensed gases with the Tépler pump, 
etc. The method now described is simple and reliable, and permits the analysis of samples at 
the rate of one every 20 minutes. The accuracy of the method is as stated above. Moreover, 
the method requires relatively little attention on the part of the operator. A further advantage 
is that any air leaks are easily detected and can usually be corrected without repetition of the 
analysis. 

EXPERIMENTAL. 

The principle of the method is essentially similar to the vacuum method already described, that is, 
the separation of the carbon dioxide by condensation in liquid air. Instead of taking a small sample of 
the gas from the sample bulb, measuring it by the pressure exerted in a known volume, and then 
circulating it several times with the aid of mercury reservoirs through a trap cooled in liquid air, the 
present method involves drawing at a controlled rate the whole gas sample, by means of a vacuum pump, 
from the bulb through a trap cooled in liquid air. When the bulb has been completely evacuated, the 


carbon dioxide which has been condensed is vaporised and measured very much as in the original vacuum 
method. The proportion by volume of carbon dioxide in the dry gas is then given by 


CO, = 100 puT/Ve(P — w)% 


where ? is the pressure of the carbon dioxide, measured in the volume », P the pressure of gas in the sample 
bulb, V the volume of the sample bulb, T the absolute oe of the gas when sampled, ¢ the 
absolute temperature of the dioxide when measured, and w the saturated vapour pressure of water at 
T° (it is reasonable to assume saturation in the case of gases sampled from a combustion process). 

be ga used for the evacuation of the bulb is shown in Fig. 1, and the experimental procedure 
is as follows. 

(i) The apparatus is assembled, and the bulb B connected to the apparatus by the ground-glass joint. 
The whole apparatus is then evacuated. 

(ii) Liquid-air traps are placed on V, and V, (if it is used), and T, is closed; 7, is opened so that the 
gas in the bulb expands into the trap V,, and is allowed to remain for 2 minutes.. This ensures that any 
carbon dioxide which does not condense during the initial rush of gas into the trap has an opportunity 
of diffusing back into the cold region. : 

(iii) If trap V, is now used, tap T, is now closed and T,, JT, opened, whereupon the gas expands into 
V,. A further period of 2 minutes is allowed for the same reason as given in (ii). 

(iv) Tap T, is now closed and T, is opened so that the gas is drawn out by the vacuum pump through 
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the controlling capillary C. If trap V, is not used, then stage (iii) is omitted, and after T, has been 
closed, T,is opened. The pumping is continued for a period which depends on the pumping speed of the 
capillary, and in the final form of the apparatus is about 10 minutes. 

(v) Owing to the fact that the pumping speed falls off as the pressure in the bulb is reduced, there is a 
limit to the useful time during which pumping can be controlled by the capillary. After this period, 
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Apparatus for the determination of CO, in a gas sample. 


normally 10 minutes, T, is closed and T, opened. The pressure recorded by the manometer M will 
normally be about 40 mm. of mercury or less, and in this case the pressure in the apparatus is gradually 
reduced to zero by opening the tap 7, slightly. This operation should take about 2 minutes, care being 
taken to avoid too rapid evacuation of the residual gas. If the pressure should be above about 40 mm., 
pumping controlled by the capillary is continued until this pressure is reached. Once the experimental 
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Apparatus for measurement of CO,. 


procedure has been fixed, the value of this pressure on opening T, forms a useful check that no leak has 
occurred during the evacuation. 
(vi) When the pressure has been reduced nearly to zero, tap T, is fully opened, and the - 
evacuated for 1—2 minutes. All taps T,—T, are then closed, and the bulb an traps dismantled. 
Measurement of carbon dioxide. (vii) The trap V,, immersed in liquid air, is then transferred to the 
measuring apparatus shown in Fig. 2, connected by the ground-glass joint, and the whole apparatus 
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evacuated for about 5 minutes. It is essential that a good vacuum be obtained, otherwise the distillation 
of the carbon dioxide from the trap V, to the limb L becomes slow, if not impossible. If necessary, the 
vacuum can be checked by using the Tépler arm S as a crude McLeod gauge. Alternatively, the 
measuring vessel itself can be used by lowering the mercury to the mark M, with the tap T,, open, then 
closing T,, and reading the manometer when the mercury is brought to the level M,. As the ratio of the 
volumes defined by M, and M, is about 15 : 1, a pressure of about 0-01 mm. can be detected in this way. 

(viii) When the vacuum is satisfactory, liquid air is placed round the limb L, and the carbon dioxide 
condensed in the trap V,, vaporised by replacing the liquid-air trap with a carbon dioxide—acetone bath 
at —80°. About 5 minutes are necessary for the distillation of the carbon dioxide, and if towards the end 
of the period the pressure in the apparatus is undetectable (less than 0-01 mm.), distillation may be 
considered complete. 

In some cases, it proves impossible to obtain a satisfactory distillation, and on testing the vacuum 
an appreciable pressure is observed. This is almost always due to the presence of air, and the only 
remedy is to circulate this residual gas through the trap V, cooled in liquid air, as in the earlier vacuum 
method. After circulating about three times, any uncondensed gas is then pumped away through V, 
with the vacuum pump. The carbon dioxide condensed in V, is distilled to the limb L in the usual way. 
It is clear that, owing to the very low concentration of carbon dioxide in air (0-03%), any additional 
amount introduced by this procedure is negligible unless the leak is very serious. 

(ix) When the distillation is complete, the carbon dioxide—acetone bath at —80° is placed on the 
limb L, and the pressure of the vaporised dioxide measured. Ifthe amount of carbon dioxide is small, the 
small volume defined by the mark M, is used. If the pressure developed in this volume exceeds 300 
mm., it is advisable either to measure the carbon dioxide in stages, storing the excess in the Tépler arm S, 
or to use the much larger volume defined by the mark M,. The volume defined by M, may be made about 
6 c.c., in which case, with a bulb volume of 100—150 c.c., 0-3 mm. on the mercury manometer corresponds 
to 0-002%. A small correction, easily determined by separate experiments, must be applied to the 
carbon dioxide pressure to allow for the temperature of the cold limb L being —80°, and not room 
temperature. 

ummarising the experimental procedure, it will be seen that about 20 minutes are required for the 
evacuation of the bulb, and another 20 minutes for the measurement of the carbon dioxide condensed in 
the trap. Although an individual determination requires 40 minutes, therefore, it is possible, by having 
two traps, to average one determination every 20 minutes. 

Results.—Tests were first carried out to ascertain whether the method was capable of removing small 
traces of carbon dioxide from a gas sample quite efficiently. It was thought that under these conditions 
it might be necessary for the gas to remain in contact with the liquid-air trap for a long time to ensure 
that it cooled to the temperature at which the partial pressure of carbon dioxide was sufficiently small to 
guarantee efficient condensation. This would necessitate the pumping speed being too low for the 
method to be of any practical value. Accordingly, tests were first carried out with air, which affords a 
convenient and very reproducible source of a gas containing a small amount of carbon dioxide. Tests 
were carried out at various pumping speeds, obtained by varying the capillary C, and two alternative 
types of trap were tried. One, referred to as (a) in Table I and shown in Fig. 3, was the normal type of 
trap used in vacuum work, while the second (b) was a spiral made from 4-mm. inside-diameter tubing. 
The results are shown in Table 1; the pumping speed figures refer to the average rate at which pressure 
fell initially. 


TaBLeE I. 
Capillary pumping speed, Time for 

mm. /sec. evacuation, mins. Trap. CO,, %. Accuracy. 
1-1 60 (a) 0-036 +0-001 

(b) 0-035 
4 15 (a) 0-036 +0-001 

(b) 0-035 
15 6 (a) 0-037 +0-001 

(bd) 0-033 
35 3 (a) 0-036 +0-001 

] t 2 0-036 

[Vacuum analysis apparatus — —_ 0-0 ’ 

(loc. cit.)] 0-034 £0-003 


It will be seen that with trap (a) the results are self consistent and agree with the vacuum method 
within the experimerttal error, even at the very highest pumping speed. It is clear that the spiral (b) is 
less efficient at high speeds, owing probably to the fact that, on account of its smaller volume, the gas 
spends much less time in it. 

Having confirmed that small traces of carbon dioxide could be removed efficiently, tests were next 
made to see if larger percentages could be completely condensed. Owing to the difficulty of making up 
samples containing 3—4% of carbon dioxide, reproducible to 0-002%, it was considered advisable to test 
these samples by determining the amount of the dioxide escaping the trap, using another trap placed in 
series with the main trap. The results of these tests are summarised in Table II, and the following 
points emerge : 

(i) Tests 2—7, using the spiral trap (b) to measure the amount of dioxide escaping the first 
trap, show that satisfactory results are obtained up to about 5 mm. /sec. pumping speed. 

(ii) Test 1 shows that the use of two traps of type (a) in series gives excessively high losses, even 
though the pumping speed is very low. This is attributed to the large volume of this type of trap 
resulting in a sudden rush of gas through the trap V, when taps T, and T, are opened. It is possible that 
this sudden rush also occurs, but to a smaller extent, when the spiral is used as the second trap, and that 
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the small loss of carbon dioxide shown at the lower pumping speeds (up to 6 mm./sec.) may arise through 
this cause. In this case the actual losses when the method is used in the normal way without a second 
trap may be smaller than those given in the table. 





























TaBLeE II. 
Capillary pumping CO, content of 
Test No. speed, mm. /sec. First trap. Second trap. second trap, %. 
1 1-0 (a) (a) 0-046 
2 1-0 (a) (b) 0-004 
3 3-5 (a) (b) 0-004 
4 5-0 (a) (b 0-003 
5 6-0 (a) (b 0-009 
6 12-0 (a) (b) 0-022 
7 30-0 (a) (b) 0-064 
8 3-5 (c) (b) 0-015 
9 3-5 (c) (b) 0-022 
Fic. 3 
wy 
a 
Original trap 
c b 
Specially designed Spiral trap 
trap 


(iii) The only alternative possibility for the loss of carbon dioxide shown even at the lowest flow 
rates seems to be that, as the whole of the trap (@) cannot be immersed in the liquid air, some dioxide 
escapes condensation during stage (ii) of the experimental procedure. To test this, the specially designed 
trap (c), which could be completely imme in the liquid air, was used in tests 8 and 9. This gave 
unusually high losses, and the only explanation for this a to be that, whilst with the normal type of 
trap the carbon dioxide condenses on the wall, with type (c) the rapid chilling produces a mist of carbon 
dioxide particles, some of which are carried away too quickly by the gas flow. 

When using a single trap of type (a) with a pumping speed of about 5 mm. /sec., it is clear that the 
loss of carbon dioxide is almost negligible, and this speed has been adopted in using the apparatus for 
routine work. 

Preliminary tests suggest that the method can also be adapted to enable carbon monoxide to be 
estimated by drawing the carbon dioxide-free gas through a copper oxide furnace at about 400°, and then 
condensing the carbon dioxide formed in a liquid-air trap. These tests, however, are not yet complete. 


I wish to express my thanks to the “ Shell ”’ Refining and Marketing Company Limited for permission 
to publish this paper. 


University COLLEGE, HULL. ' (Received, August 6th, 1948.] 
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154. The Structure of Certain Polysulphides and Sulphonyl Sulphides. 
Part III. The Crystal Structure of Bisphenylsulphonyl Sulphide. 


By A. McL. Martuieson and J. MONTEATH ROBERTSON. 


A quantitative X-ray analysis of the crystal and molecular structure of bisphenylsulphony] 
sulphide is described, and projections of the molecule have been made by Fourier series methods 
from which the atomic > can be determined with considerable accuracy. The molecule 
displays an exact two-fold axis of symmetry which passes through the central sulphur atom. 
The bond lengths (Table IV) are normal, the short sulphur—oxygen distances (1-41 a.) indicating 
double-bond characteristics rather than co-ordinate links, in agreement with other recent work. 
The valency angles of the sulphur atoms show considerable deviations from tetrahedral values, 
and the stereochemistry may be based on a distorted octahedral structure. The oxygen atoms 
make close approaches to certain aromatic carbon atoms of adjoining molecules (Tables V) and 
these attractions probably govern the rather compact grouping of the molecules in the-crystal. 


In Part I (Dawson, Mathieson, and Robertson, J., 1948, 322) crystallographic data were given 
for a number of molecules containing groups or chains of sulphur atoms. In many cases these 
molecules were found to possess an exact two-fold axis of symmetry in the crystalline state, and 
in all cases the evidence was strongly in favour of extended zigzag sulphur chains rather than 
structures involving any form of side co-ordination to one or more of the sulphur atoms. 
Although this generalisation can be made fairly readily from the preliminary data, exact analysis 
leading to atomic co-ordinates and bond-length measurement is exceedingly difficult in this 
series owing to the many degrees of freedom possessed by these molecules. One approach by 
the well-known heavy-atom method has been successful in the case of 2 : 2’-di-iododiethyl 
trisulphide, and the results are described in Part II (Dawson and Robertson, J., 1948, 1256). 

In the present paper, which gives a detailed analysis of bisphenylsulphony] sulphide, another 
method is employed, which depends upon a careful comparison of the isomorphous phenyl] and 
p-tolyl analogues. This method is to a certain extent direct. Perutz (Nature, 1942, 149, 491) 
has utilised the variations in intensities of X-ray reflections consequent on the gradual variation 
of cell dimensions due to varying degrees of hydration to determine the relative phase constants 
of certain reflections in the hemoglobin crystal. In the present example, gradual variation of 
dimensions is not possible, but the dimensional changes which result from the insertion of the 
extra methyl group, combined with a study of the reflections which change in intensity and 
those which do not change, give a very clear indication of the orientation of the benzene ring 
in the crystal, and enable a preliminary trial structure to be set up. The work then proceeds by 
correlation of calculated and observed structure amplitudes, and refinement by double Fourier 
series methods. 


Analysis of the Structure. 


Bisphenylsulphony] sulphide, C,,H,.0,S;, and bis-p-tolylsulphonyl sulphide, C,,H,,0,S;, 
crystallise in the monoclinic prismatic class, space group C$, (A2/a), with four molecules per 
unit cell, and the molecules display a two-fold axis of symmetry parallel to the b crystal axis. 
The principal crystal data for the two compounds are summarised in Table I (for further details, 
see Part I, J., 1948, 322). 


TaBLeE I. 
d 
@, A. b, A. C, A. B. dy. -'VOl., a.*. (calc). 
Bisphenylsulphonyl sulphide... 15-88 5-52 15-88 112-9° 14-60 1282 1-618 
Bis-p-tolylsulphony] sulphide... 16-50 5-85 18-88 119-9° 14-31 1581 1-430 


The most important changes in passing from the phenyl to the p-tolyl compound are the 
expansion of 30 a. in the length of the c axis, and the expansion of 7° in the B angle. Although 
the a axis also increases in length, the corresponding spacing, d99, shows little change. There 
is a considerable overall expansion in the unit cell volume with a decrease in density, and it is 
clear that the molecular extension which causes these changes must take place mainly in the 
direction of the caxis. This dimensional evidence is confirmed by the fact that the distribution 
of intensities in the (h00) series of reflections is closely similar for the two compounds. 

The trial model which results from the above considerations is shown in Fig. 1, projected on 
the (010) plane. The sulphur atom S(1) must occupy the special position (a/4, y, c/4), and the 
very strong (400) indicates that the line S(2)C(1)C(4) must lie close to the direction of the c axis, 
with the benzene rings rather steeply inclined to the (010) plane. The actual orientation can be 
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determined more precisely from a consideration of the more outstanding intensities from the 
smaller spacing (h0/) planes, particularly the (204), (206), (208), (60,10) (60,12), and (804). The 











Structural relationship of bisphenylsulphonyl sulphide (full lines) and bis-p-tolylsulphonyl sulphide 
(dotted lines), projected on (010). 


positions assigned to the oxygen atoms are obtained by assuming a tetrahedral distribution of 
bonds about the sulphur atom S(2). 


After several minor adjustments, this trial model gave a certain measure of agreement 
between the observed and calculated structure amplitudes, the average discrepancy, 


Fie. 2. 
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Projection of the asymmetric crystal unit (half molecule) on the (010) plane. Contour scale: ome electron 


per a.* for each line on the carbon and oxygen centres, two electrons per line for sulphur. The one-electvon 
line is dotted. 


X{|F, obs.| — |F, calc.|}/Z|F, obs.], being 33%. From this stage the work was continued by 
carrying out three successive double Fourier summations giving projections of the structure on 
the (010) plane. Recalculation of the structure amplitudes from the co-ordinates derived from 
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Projection of the unit cell on (010), showing four molecules. 
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the last synthesis gave an average discrepancy of 19%, indicating that a considerable degree of 
refinement had been achieved. 

The results of the final synthesis from the (40/) structure amplitudes are shown by the 
contour map of Fig. 2 which covers the asymmetric crystal unit (half the chemical molecule and 
one-eighth of the unit cell). In this projection all the atoms except hydrogen and the oxygen 























() 
Projection of the unit cell along the a axis on the (100) plane, showing overlapping molecules. 


atom O(2) are very clearly resolved, and the positions of the centres can be determined with 
some certainty. 

The mutual relations of the different molecules in the unit cell are shown in the smaller-scale 
electron-density map of Fig. 3(a), which covers the complete unit cell. The corresponding line 
drawing in Fig. 3(b) shows the positions of the atoms. The compact grouping of the molecules 
and the achievement of a very uniform occupation of the available space in spite of their rather 
clumsy shapes is well illustrated in these diagrams. 

In Fig. 3(b), molecule B is identical with the standard molecule A, but is translated 0, b/2, 
c/2, with respect to A. Molecule C is related to A by a reflection in a plane parallel to the plane 
of the paper at y = b/4anda translation of a/2. Molecule Dis related to C as Bis to A. 
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The co-ordinates of the atoms perpendicular to these projections may be deduced from 
certain assumptions regarding the regularity of the molecule. The space-group requirements, 
however, also permit a free translation along the b axis for the molecule as a whole [the special 
position for the central sulphur atom, S(1), is 2/4, y, c/4]. Some adjustment by trial and error 
methods was therefore necessary before proceeding to the next projection. I1n this connection 
the most important reflections are the axial set (020), (040), and (060), and the strong series (04/). 
The outstanding reflection from the (03,17) plane was also a useful guide to the correct position. 
After small variations to obtain the maximum agreement for these structure factors, it was 
possible to proceed by Fourier series methods. Two successive syntheses were carried out with 
the (04/) structure factors as coefficients, and the final projection on the (100) plane is shown in 
Fig. 4(a). All four molecules are shown, but there is considerable overlap of atoms, not only 
within the molecule but also between adjacent molecules. In the corresponding explanatory 
diagram, Fig. 4(b), the atoms of the asymmetric unit are designated by letters. The sulphur 
atom S(1) is very clearly resolved, and this helps to determine the position of the molecule with 
respect to the b axis. 


Orientation, Co-ordinates, and Dimensions. 


The projection shown in Fig. 2 clearly defines the x and z co-ordinates of all the atoms except 
O(2), and gives some guide as to the disposition perpendicular to this projection plane. The 
heavy atoms have a certain distorting effect on the others, and so to fix the carbon positions a 
regular hexagonal benzene ring was assumed. The positions selected are those which give the 
best fit on the contour map, compatible with this assumption of regularity. 

The orientation of the benzene ring in the crystal may be defined by the angles x ;, ¥,, wz; 
Yu vu, Oy; Xv, by, Oy, where these are the angles made by the molecular axes L and M, and their 
perpendicular N (see Fig. 1) with the axes a’, b, and c. For this purpose a’ is chosen as the 
perpendicular to the crystal axes b and c. The orientation deduced from the contour maps is 
then given by the angles in Table II. It will be noted that the inclination of the benzene ring 
to the (010) plane, expressed by the angle between the normal to the plane of the ring and the b 
crystal axis, or py, is 60°3°. 

TaBLeE II. 
Orientation of benzene ring in crystal. 


xz = 59-9° cos yz = 0-502 mu = 93-9° cos xv = — 0-068 
wr = 30-4 cos i = 0-862 mu = 83-7 cos fy = 0-110 
wy = 93°8 cos wz = —0-065 wy = 7:4 COS wy = 0-992 

xw = 149-2° cosxyw = — 0-859 

ty = 60:3 cos yy = 0-486 

oy = 97-1 COS wy > — 0-124 


The co-ordinates of the atoms with respect to the crystal axes and centre of symmetry as 
origin are given in Table III. Most of these values may be obtained in a fairly direct 
manner from the contour maps, but there is difficulty in the case of O(2) and also in the case of 
the y co-ordinates of the lighter atoms, as the resolution in Fig. 4(a) is poor. In the latter 
connection reliance is placed on the calculated orientation and assumed regularity of the benzene 
rings. With regard to the co-ordinates of O(2), diffraction effects due to the sulphur atoms must 
be considered, but if allowance is made for these effects then a reasonably accurate position can 
be assigned to this atom. 

Only the atoms in the asymmetric crystal unit, or half the molecule, are listed in Table III. 
The co-ordinates of the other atoms may be derived from these by the operations appropriate to 
this space-group. ‘The origin is taken at a centre of symmetry, with a two-fold rotation axis at 
a/4, y,c/4. The co-ordinates of the equivalent points, for A2/a, then become 


(1) %, 9, 2 (6) —*%,-y, —2z 
Ati) fay 4 2 PAG) gf's yb +: 
(3) %t+y4+2 (7) —%4—-¥%3—2 
ie pant ty —2 A iti ye 
These values differ from the co-ordinates given in the ‘“ International Tables for the 
Determination of Crystal Structures ”’ because of the change of axes from C2/c to A2/a and 
because the centre of symmetry chosen as origin lies at (0, b/4, c/4) with respect to the centre 
of symmetry used as origin in those tables. These changes have been made in order to bring 
one complete chemical molecule into the first quarter of the unit cell (Fig. 1). 
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TaBLeE III. 
Co-ordinates with respect to monoclinic crystal axes. Centre of symmetry as origin. 
Atom 2ax Qary 2nz 
(cf. Fig. 1). %, A. -“ y, A. i z, A Be Fi 
S(1 3-97 90-0° —0-60 — 39-0° 3-97 90-0° 
S(2 2-18 49-5 +0-64 + 42-0 3-46 78°5 
O(1 1-07 24-2 —0-25 — 16-0 2-63 59-7 
O(2 2-33 53-0 +1-84 +120-0 2-78 63-0 
C(1) 2-06 46-7 +0-83 + 54-0 5-16 117-0 
CH(2) 1-34 30-4 —0-14 — 10-0 5-64 128-0 
CH(3 1-26 28-6 +0-02 + 10 6-98 159-0 
CH(4 1-85 42-0 +1-13 + 74-0 7-82 177-5 
CH(5 2-56 58-0 +2-11 +138-0 7-35 167-0 
CH(6 2-66 60-3 +1-96 +128-0 6-00 136-0 


Bond lengths may be obtained by converting the co-ordinates of Table III to the rectangular 
axes, a’, b, and c, where a’ is perpendicular to b and c. If x, y, z are the monoclinic crystal 
co-ordinates, and x’, y’, 2’ are the rectangular co-ordinates, the relations are 


x’ =xsinf,y’ = y, 2 = 2+ *cosB 
The bond lengths and angles within the molecule are listed in Table IV. Two important 


non-bonded distances, between the sulphonyl oxygen atoms and the carbon atoms of the benzene 
ring, are included in this table. 


TABLE IV. 
Bond lengths and angles. 
S(1)-S(2) = 2-07+40-02 a. S(2)-O(2) = 1-414.0-04 a. 
S(2)-O(1) = 1-41-1004 a. S(2)-C(1) = 1-76 40-02 A. 
C-C (average in ring) = 1-39+0-04 a. 

O(2) . . . . CH(6) = 3-11-40-05 a. O(1) ... . CH(2) = 2-9240-05 a. 
S(2)-S(1)-S(2”) = 106-5°+.1° O(1)-$(2)-0(2) = 117-2°4.4° 
S(1)-S(2)-O(1) = 104-2°4.3° O(1)-$2)-C(1) = 107-5°4.3° 
$(1)-$(2)-0(2) = 111-9°.3° O(2)-$(2)-C(1) = 115-9°+.3° 


$(1)-S(2)-C(1) = 101-7°41° 


Intermolecular Distances——The approach distances between the atoms of neighbouring 
molecules are shown in Fig. 3(b) and listed in Table V. Between the carbon atoms 
these distances are similar to those usually found in crystals of aromatic molecules (3°7—3°8 a.), 
but between the sulphonyl oxygen atoms and adjacent aromatic carbon atoms the distances are 
sometimes significantly less, and become as low as 3°3a. These values indicate certain 


attractions, probably in the nature of very es hydrogen bonds, between the sulphony] oxygen 
and the aromatic hydrogen atoms. 


TABLE V. 
Intermolecular distances (A.). 
CH(2A) . . . O(1C) = 3-33 CH(5A) . . . CH(5B) = 3-78 
CH(3A) . . . O(1C) = 3-58 CH(3A) . . . CH(3D) = 3-78 
CH(4A) . . . O(1B) = 3-43 CH(2A) .. . CH(6C) = 3-68 
CH(4A) . . . O(2B) = 3-43 


Discussion of Results. 


In this analysis certain diffraction effects due to the relatively heavy sulphur atoms are 
clearly visible on the contour maps. These effects tend to diminish the accuracy of the bond- 
length and bond-angle determinations, but the positions of the sulphur atoms and the relatively 
distant carbon atoms can be determined with considerable accuracy. The oxygen positions 
are more difficult to estimate, and the resolution is poor, especially for O(2). Taking account of 


these factors, the probable limits of error have been estimated and these are given in Table IV. 
The length of the sulphur-sulphur bond (2°07 a.) is slightly less than the value of 2°12 a. 


reported for orthorhombic sulphur (Warren and Burwell, J. Chem. Physics, 1935, 8, 9 and 
3A 
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slightly greater than the value of 2°04 reported both for dimethyl disulphide (Stevenson and 
Beach, J. Amer. Chem. Soc., 1938, 60, 2872) and for 2 : 2’-di-iododiethyl trisulphide (Dawson 
and Robertson, J., 1948, 1256). These variations are small, and this bond appears to be a more 
or less normal single bond. 

The sulphur—carbon bond length of 1°76 A. is slightly less than the value of 1°81 a. given by 
the sum of the single-bond radii, but is in very good agreement with a number of recent 
measurements, ¢.g., 1°77 a. in dimethyl disulphide (Stevenson and Beach, Joc. cit.), 1°75 a. in 
B-isoprene sulphone (Cox and Jeffrey, Trans. Faraday Soc., 1942, 38, 241), and 1°76a. in 
pp’-dibromodipheny]l sulphide (Toussaint, Bull. Soc. roy. Sci. Liége, 1944, 18, 111, 163). It 
seems probable that this bond is also a normal single bond, although Cox and Jeffrey (loc. cit.) 
have suggested a certain amount of semi-ionic bond character in B-isoprene sulphone. 

The sulphur-oxygen bond lengths (1°41+ 0°04a.) are not as reliable as the other 
measurements in this structure, but the result is in quite good agreement with similar 
determinations, e.g., 1°44 a. in B-isoprene sulphone (Cox and Jeffrey, Joc. cit.), 1°44 a. in dimethyl 
sulphone (Lister and Sutton, Trans. Faraday Soc., 1939, 35, 495), 1°45 a. in thionyl chloride, 
1°43 a. in sulphony] chloride, 1°43 a. in sulphur trioxide (Palmer, J]. Amer. Chem. Soc., 1938, 60, 
2360), 1°40 a. in «-sulphur trioxide (Westrik and MacGillavry, Rec. Trav. chim., 1941, 60, 794), 
and 1°43 a. in potassium sulphamate (Brown and Cox, J., 1940, 1). Although this bond may be 
formulated as a co-ordinate link, recent work has made it clear that the older formulation as a 
double bond is probably more correct (Phillips, Hunter, and Sutton, J., 1945, 146). The length 
is, in fact, rather less than that calculated from the usual double-bond radii. 

The stereochemistry of this molecule is interesting, and in the present analysis all the bond 
angles can be measured with reasonable accuracy. The bond angle of the central sulphur atom 
(106°5°) is near the expected tetrahedral value. For the other sulphur atom, S(2), the angles 
deviate considerably from the tetrahedral value. This is perhaps to be expected, as the 
stereochemistry of sexacovalent sulphur should be based on the regular octahedron. In 
compounds of the type R,R,SO, the octahedral configuration will be distorted by double-bond 
formation, and one might expect the angle between the single bonds to approach 90° and that 
between the double bonds to approach 120° (assuming that the double bonds lie midway between 
two pairs, not in a plane, of the octahedral bonds). In the present study, the angle found 


between the single bonds, S(1)-S(2)-C(1), is 101°7° and that between the double bonds, 


0(1)-S(2)-0(2), is about 117°. The other angles are also arranged in rather unequal pairs. 
On the other hand, electron-diffraction studies on dimethyl sulphone appear to show that the 
tetrahedral arrangement is more correct (Lister and Sutton, Joc. cit.). 

Interaction of various groups in the crystal is also likely to produce some distortion of the 
valency angles. In this connection the approach distances of the oxygen atoms to the aromatic 
carbon atoms in the same molecule and in adjoining molecules are of considerable interest 
{Fig. 3(b) and Tables IV and V]. Within the molecule these approach distances between the 
oxygen atoms and the o-carbon atoms of the benzene ring are 3°11] and 2°92 a. It would appear 
that this must imply some form of bonding, presumably due to the large partial charge on the 
oxygen, because the ring could easily rotate about the single bond, S(2)—C(1), so as to increase 
these distances. Other short distances of 3°3—3-4 a. are found to occur between the oxygen 
atoms and the carbon atoms of neighbouring molecules. The intermolecular attractions 
indicated by these approach distances appear to be the dominant factor in maintaining the 
crystal structure and accounting for the isomorphism between the phenyl and the #-tolyl 
compound. 

’ EXPERIMENTAL. 
Crystals of bisphenylsulphony] sulphide were prepared as described in Part I (J., 1948, 322). By 


slow cooling from glacial acetic acid solution well-developed specimens were obtained, of a size suitable 
for X-ray work. 

All the measurements were carried out with copper Ka radiation (A = 1-54.). Rotation, oscillation, 
and zero-layer line moving-film photographs were taken, the first for determining axial lengths, the last 
two for indexing the general (hkl) reflections and for intensity records. 

The absent spectra indicate the space-groups Aa and A2/a as possible. Pyroelectric measurements 
showed no evidence of polarity, and so the space-group of higher symmetry, A2/a, was assumed for 
preliminary trials, and subsequently confirmed by the complete analysis described above. 

Measurement of Intensities.—The three principal zones, (0k/), (h0/) and hkO) were studied in detail by 
means of moving-film photographs of the zero-layer lines for rotation about the a, b, and c axes. The 
multiple-film technique was used to correlate the strong and weak reflections and intensities 
were obtained over a range of about 1000 tol. Visual estimation was used, and after applying the usual 
correction factors the observed structure amplitudes, F, were placed on an absolute scale based on the 
calculated values. The results are collected in Table VI. 
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TABLE VI. 
Measured and calculated values of the structure factor. 
sin 6 F, F, sin 0 F, 
hkl. (A = 1-54). meas. calc. hkl. (A = 1-54). meas. 
200 0-105 36 — 46 608 0-614 15 
400 0-211 160 —179 60,10 0-708 72 
600 0-316 <7 — 8 60,12 0-805 57 
800 0-422 63 + 63 60,14 0-904 <8 
10,00 0-527 84 + 80 80,30 0-980 <7 
12,00 0-633 11 + 18 80,18 0-885 <9 
14,00 0-738 32 + 29 80,16 0-795 <ll 
16,00 0-844 28 + 22 80,14 0-702 ll 
18,00 0-949 24 — 37 80,13 0-620 16 
002 0-105 95 —135 80,16 0-543 25 
004 0-211 53 + 52 808 0-477 9 
006 0-316 47 + 30 806 0-427 <8 
008 0-422 <9 + 3 804 0-402 62 
00,10 0-527 28 — 27 803 0-400 51 
00,12 0-633 <l1l + 6 802 0-470 80 
00,14 0-738 <ll + 4 804 0-535 112 
00,16 0-844 <10 — 7 806 0-615 62 
00,18 0-949 25 + 20 808 0-697 39 
020 0-279 54 + 40 80,10 0-786 <ll 
040 0-558 73 — 67 80,12 0-879 13 
060 0-837 ~ + 8 14 0-975 <9 
20,18 0-915 <9 + 3 10,0,35 0-990 13 
20,16 0-812 21 — 18 10,0,18 0-900 12 
20,14 0-705 46 + 44 0,16 0-816 <ll 
20,13 0-602 22 — 24 10,0,14 0-736 <ll 
20,16 0-497 14 + 21 10,0, 13 0-660 50 
208 0-395 114 —112 10,0,16 0-596 68 
206 0-295 1ll +108 10,08 0-542 49 
204 0-200 176 —203 10,06 0-507 47 
203 0-120 28 + 34 10,04 0-492 27 
202 0-125 56 + 77 10,03 0-500 95 
204 0-267 52 + 57 10,02 0-573 47 
206 0-368 18 — 9 10,04 0-636 38 
208 0-470 31 + 29 10,06 0-708 <ll 
20,10 0-573 10 - 8 10,08 0-787 26 
20,12 0-676 23 + 15 10,0,10 0-872 32 
20,14 0-781 <ll - } 10,0,12 0-962 22 
20,16 0-885 <9 — & 12,0,18 0-929 27 
20,18 0-990 13 + 24 12,0,18 0-850 34 
18 0-892 35 — 40 12,0,14 0-778 44 
40,16 0-791 22 + 24 12,0,13 0-715 23 
40,14 0-690 39 — 40 12,0,16 0-660 71 
40,13 0-589 67 + 58 12,08 0-620 38 
40,10 0-490 49 — 40 12,06 0-596 57 
40 0-396 88 + 72 12,04 0-589 26 
406 0-310 114 —103 12,03 0-602 22 
404 0-240 < 6 + 4° 12,02 0-677 39 
403 0-200 30 + 30 12,04 0-736 46 
402 0-267 15 + 19 12,06 0-805 <ll 
404 0-349 21 — 10 12,08 0-880 <9 
406 0-442 21 — $i 12,0,10 0-960 <7 
408 0-535 <10 + 12 14,0,18 0-965 39 
40,10 0-635 31 — 30 14,0,16 0-896 30 
40,12 0-737 12 + 15 0,14 0-835 29 
40,14 0-838 35 — 31 14,0,13 0-778 <ll 
40,16 0-942 29 + 40 14,0,16 0-736 16 
60,30 0-985 22 — 40 ,0 0-702 32 
60,18 0-832 23 + 33 14,06 0-690 <l1l 
60,16 0-786 27 — 27 14, 0-690 <l1l 
60,14 0-690 <l1l + 7 14,03 0-705 46 
60,13 0-596 22 — % 14,02 0-780 <ll 
60,16 0-506 13 +12 14,04 0-838 <ll 
608 0-437 63 + 47 14,06 0-902 <12 
606 0-360 47 — 28 14,08 0-972 23 
604 0-312 27 + 31 16,0,16 0-955 <7 
602 0-295 <7 —- 3 16,0,14 0-896 <9 
602 0-368 <8 + 12 16,0,13 0-850 20 
604 0-442 17 — 34 16,0,16 0-816 26 
606 0-526 52 + 46 16,08 0-795 ll 
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TABLE VI.—Continued. 


sin 0 F, F, sin 0 F, F, 
hkl. (A = 1-54). meas. calc. hkl. (A = 1-54). meas. calc. 
16,06 0-786 ll + 15 460 0-862 <16 — 13 
16,04 0-791 <l1l — 2 560 0-877 <16 — 20 
16,03 0-812 21 — ll 660 0-893 <16 — 2 
16,02 0-886 31 — 36 760 0-917 <14 0 
16,04 0-942 29 + 40 860 0-937 <13 — 13 

18,0,14 0-965 <‘F — 12 960 0-967 <10 + 5 
18,0,12 0-929 7 — 8 10,60 0-990 <8 + 10 
18,0,16 0-900 17 + 16 
18,08 0-885 <9 — 3 oll 0-149 100 — 98 
18,06 0-882 18 + 23 013 0-210 <4 0 
18,04 0-892 20 — 26 015 0-298 5 + 6 
18,03 0-915 28 + 42 017 0-395 36 — 42 
18,02 0-987 18 + 40 019 0-497 22 + 16 
20,0,13 0-995 8 + 18 01,11 0-610 43 — 35 
20,0,10 0-990 23 — 42 01,13 0-700 16 + 16 
20,08 0-980 26 + 36 01,15 0-818 18 — 20 
20,06 0-985 22 — 38 01,17 0-910 17 + 22 
20,04 0-995 8 + 24 022 0-302 21 — 18 
024 0-350 24 — 18 
120 0-295 40 + 22 026 0-422 13 — 17 
220 0-302 41 + 30 028 0-507 <7 — 9 
320 0-317 67 — 60 02,10 0-597 34 — 29 
420 0-350 16 + 12 02,12 0-690 <9 0 
520 0-381 67 + 65 02,14 0-789 8 + 6 
620 0-422 51 — 50 02,16 0-888 7 — 4 
720 0-462 27 + 18 02,18 0-990 <4 0 
820 0-507 34 + 30 031 0-422 16 — 12 
920 0-550 28 — 26 033 0-447 6 + 6 
10,20 0-597 <19 + 14 035 0-495 21 — 19 
11,20 0-645 54 — 47 037 0-560 <8 — 7 
12,20 0-690 <20 + 22 039 0-635 25 + 22 
13,20 0-740 59 + 54 03,11 0-720 31 — 36 
14,20 0-789 <19 + 10 03,13 0-805 42 + 36 
15,20 0-842 <17 — 12 03,15 0-897 19 — 23 
16,20 0-888 <16 + 2 03,17 0-990 26 + 3l 
17,20 0-945 17 — 15 042 0-565 66 + 65 
18,20 0-990 < 8 — ll 044 0-595 54 + 45 
140 0-560 <18 + 10 046 0-640 35 + 27 
240 0-565 57 + 50 048 0-698 9 — 15 
340 0-577 <18 + 1l 04,10 0-769 < 8 0 
440 0-595 26 + 29 04,12 0-840 8 + 12 
540 0-615 30 + 31 04,14 0-925 < 6 + 5 
640 0-640 ~ 34 — 38 051 0-702 36 + 41 
740 0-665 <20 — 16 053 0-715 <9 — 5 
840 0-698 44 — 53 055 0-746 14 — 12 
940 0-733 <20 — 9 057 0-790 ll + 14 
10,40 0-769 48 + 48 059 0-845 <8 + 2 
11,40 0-802 <19 0 05,11 0-910 <7 + 2 
12,40 0-840 <17 + 6 05,13 0-980 <4 — 6 
13,40 0-880 <16 + 7 062 0-842 7 + 12 
14,40 0-925 <14 — 6 064 0-862 13 — 21 
15,40 0-963 <10 — 12 066 0-893 12 + 18 
160 0-840 <17 + 6 068 0-937 < 6 — 13 
260 0-842 <17 + 9 06,10 0-990 <4 + 2 
360 0-851 24 +. 32 


The crystal specimens were small, and completely bathed in the X-ray beam. For the (402) zone the 
specimen had a cross-section of 0-26 by 0-24 mm. and a length of 0-65 mm. along the b axis. For the 
(Okl) zone a specimen was cut to a cross-section of 0-45 by 0-50 mm., and was 0-25 mm. in length along the 
a axis. For the (hk0) series the specimen cross-section was 0-18 mm. by 0-42 mm. and length along c, 
0-58 mm. The high absorption coefficient (u = 53-3 per cm. for A = 1-54) makes it difficult to apply 
accurate corrections, and no attempt in this direction was made. With crystals of the above dimensions 
it can be shown, however, that intensity errors due to this cause are small. 

Structure Analysis.—The final Fourier summation on (010) was made at 900 points on the asymmetric 
unit (half the chemical molecule). The a axis was subdivided into 60ths (interval 0-265 a.) and the c axis 
into 120ths >; 0-132 a.). Three-figure cosine factors were employed (Robertson, J. Sci. Instr., 
1948, 25, 28), and the position of the contour lines obtained by graphical interpolation from the 
summation totals. 

The orientation of the benzene ring (Table II) was obtained by inscribing the projection of a regular 
hexagon on the contour map in such a manner as to give the best fit for all the atoms. The orientation 
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angle and co-ordinates may then be deduced in a manner similar to that described for the coronene 
analysis (Robertson and White, J., 1945, 607, 615). 

A recalculation of the structure factors based on the final co-ordinates is given in Table VI. Separate 
atomic scattering curves for carbon, oxygen, and — were used. For carbon the average scattering 
curve for hydrocarbons was employed (Robertson, Proc. Roy. Soc., 1935, A, 150, 106) and for oxygen 
this curve was scaled for the atomic number of oxygen. An empirical scattering curve for sulphur was 
deduced by correlation between the calculated and observed structure factors. 

The average discrepancy for the (h0/) structure factors, expressed as a sum of the discrepancies 
divided by the sum of the observed F values, is 19-0%. For all the recorded reflections the average is 
18-5%. 


One of us (A. McL. M.) is indebted to the Carnegie Trustees for a Scholarship which enabled him to 
take part in this work. 


UNIVERSITY OF GLASGOW. [Received, May 18th, 1948.] 





155. Reaction between Mercuric Acetate, Ethylene, and Amines. 


By GrorcG SACHS. 


The formation of organic mercury compounds from mercuric acetate and ethylene in the 
presence of amines has been studied. From the reaction with mesidine, N-(2-phthalimido- 
mercuriethyl)mesidine and NN-bis-(2-phthalimidomercuriethyl)mesidine were isolated. Their 
structures were established by analogy and by the action of acetyl chloride upon the first 
substance, which afforded aceto-(2-chloromercuriethyl)mesidide. With pyridine, salts of a 
bivalent kation [Hg-C,H,-C;H,;N]++ were obtained. The mercuribromide, mercuri-iodide, 
and the unstable thiocyanate are described. 


WHEN mercuric salts such as the acetate are added to olefinic substances in the presence of water 
(see, e.g., Hofmann and Sand, Ber., 1900, 33, 1340, 1353; Biilman, ibid., p. 1647) or to an organic 
hydroxylic compound such as alcohol (e.g., Schoeller, Schrauth, and Essers, Ber., 1913, 46, 
2864), one of the acid radicals is displaced by the less electronegative group OR(R = H or alky)). 


The resulting substances contain the grouping «C(HgX)-C(OR): (X = acid radical). 

The work now described was undertaken in order to determine whether amines could play a 
part analogous to that of hydroxyl compounds. Daskais (U.S.P., 2,329,883, 2,369,339; Chem. 
Abs., 1944, 38, 1604; 1945, 39, 3618) effected replacement of the alkoxyl radical in the 
8-position with regard to mercury in the above compounds by an acylimido-radical, so preparing 
compounds with a nitrogen atom in that position. While this work was in progress, Freidlina and 
Kochetkova (ibid., 1946, 40, 3450) reported the preparation of a compound C,H,,N-CH,°CH,*HgCl 
from mercuric acetate, ethylene, and piperidine, and Kochetkova, Freidlina, and Nesmeyanov 
(ibid., 1948, 42, 1572) have prepared the corresponding diethylamine compound. 

In the present work an aromatic amine and pyridine were employed. Mesidine, as aromatic 
amine, was preferred to aniline which, owing to the easy replacement of o- and p-hydrogen by 
HgX, gave, in preliminary experiments, a variety of impure substances. Mesidine, on the other 
hand, is not mercurated noticeably under the experimental conditions. 

The organic mercury compounds formed when ethylene is absorbed by a mixture of mercuric 
acetate and excess of mesidine were precipitated in the form of the phthalimides, as the more 
common anions, except the chlorate ion, did not give well-crystallised precipitates. The 
purified main product had the composition of N-(2-phthalimidomercuriethyl)mesidine (I). Since both 


C,H, MeyNH-CHyCHy He NCC >CH, C.H,Me,‘N[CH,-CH,N<(CO),>C,H,], (II.) 
(I.) C,H,Me,"NAcCH,°CH,-HgCl (III.) 


hydrogen atoms in the amino-group of mesidine are reactive, the bis-compound (I1) was obtained 
as by-product as in the case of water in which also one or both hydrogen atoms may be exchanged 
for radicals derived from olefins and mercuric salts (Hofmann and Sand, Ber., 1900, 33, 1340, 
2692). The adoption of a structure corresponding to that of the piperidine compound was 
justified by the action of acetyl chloride on (I), which leads to formation of phthalimide and 
aceto-(2-chloromercuriethyl)mesidide (III). Substance (III) yields acetomesidide when boiled 
with concentrated hydrochloric acid; otherwise it is surprisingly stable against reagents which 
usually split the mercury—carbon linkage. The stabilising effect of acylation has also been 
observed in the dibenzoylation of 2 : 3-dihydroxypropylmercury iodide (Sand, Ber., 1901, 34, 
1393). 

Mercuric acetate, when wetted with pyridine, absorbs ethylene slowly. For preparative 
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purposes the materials were dissolved in acetic acid. The mercuribromide of a mercury—ethylene— 
pyridine complex (IV) and a corresponding mercuri-iodide could be isolated. 


C,H, “]** C,H, ]* 
(IV.) | Hg HgBr,-~ Hg x- (V.) 
C,H,N x 


In accordance with the formulation (IV), only one of the two mercury atoms gives the normal 
reactions with ammonia and with ammonium sulphide The use of the complex formula enables 
these substances to be contrasted with the addition compounds of mercuric salts and ethylene 
only, to which the discoverers (Hugel and Hibou, Chim. et Ind., 1929, Special Number, p. 296) 
attributed a similar formula, such as (V; X = acid radical). This explains why in these two 
types of substance one or two acid valencies respectively are exchangeable in ionic reactions. 

Although the complex formula adequately explains the properties so far described, this mode 
of representation is out of date. It has, however, been revived, in a certain respect, by 
Nesmeyanov who, with his co-workers (Chem. Absir., 1946, 40, 2122, 4659, 4686, 6567), had 
found that the properties of the addition compounds between mercuric chloride and acetylene 
may be represented partly by, e.g., CH}CH,HgCl, and partly by ClCH:CH:HgCl. He suggested 
that resonance occurs between the two formule, in one of which the parts of the molecule are not 
held together by covalencies, describing such compounds as “‘ quasi-complex ’’, and adducing 
evidence that all substances formed from mercuric salts and unsaturated compounds may be 
of this character (Bull. Soc. chim., 1946, [v], 18, 569). According to this conception, the complex 
indicated above should resonate with a structure such as [(C,H,N*-CH,°CH,°Hg*]X,~, though 
this formula still remains to be confirmed. 

Roughly one molecule of ethylene is absorbed per atom of mercury in the preparation of 
these substances, The thiocyanate precipitate approaches closely the composition corresponding 
to formula [IV, with (SCN), in place of HgBr,] if allowance is made for its instability. It does 
not contain ionogenic mercury. Attempts to obtain halides of the analogous simple formula 
failed. 

EXPERIMENTAL. 


N-2-(Phthalimidomercuriethyl)mesidine.—The yellow paste formed from mesidine (6 g.) and mercuric 
acetate (5 g.) was shaken with ethylene under slight pressure. The rate of absorption increased, and 
the aintune gradually turned into a viscous liquid, reaction being complete in 2 days, and about 1 mol. 
per mol. of mercury salt being absorbed. The mixture was diluted with acetone (20 c.c.), separated 
from a little grey deposit, and precipitated with a solution of sodium phthalimide, prepared by dissolving 
phthalimide in an ~~ quantity of a N-solution of sodium hydroxide in 90% alcohol. (Use of 
absolute alcohol led to precipitation of sodium phthalimide.) Crystallisation was favoured by 
inoculation and stirring. The substance was recrystallised from ethyl a in which 20% of it 
remained undissolved; the yellowish crystals (Found: N, 5-5; Hg, 39-7; C,H,, 5-6. C,,H,.O,N,Hg 
requires N, 5-5; Hg, 39- 4; C,H,, 5-5%) had m. p. 188—190° ( (yield, 40%). Hydrogen sulphide water, 
added to the solution in pyridine (Kharasch and Chalkley, J. Chem. Soc., 1924, 46, 1211), gives a 
white precipitate which darkens after a short time with the formation of gas bubbles ; ethylene i is evolved 
by boiling with moderately dilute hydrochloric acid. 

NN-Bis-(2-phthalimidomercuriethyl)mesidine (II).—The portion insoluble in ethyl acetate, recrystal- 
lised from amyl alcohol, gave — lass-sha off-white crystals which charred at about 200° (Found : 
N, 4:7; Hg, 452; C,H,, 7-0. 270,N,Hg, requires N, 4-8; Hg, 45:5; C,H,, 6-4%). The substance 
dissolves in pyridine only after Billing’ but is not reprecipitated on cooling. The solution gives with 
hydrogen sulphide water a white precipitate which turns dark after a short time and evolves gas bubbles. 
The substance darkens in sunlight, but seems indefinitely stable in the dark. 

Aceto-(2-chloromercuriethyl)mesidide (III).—Substance (I) (5 g.) was refluxed with ethyl acetate in a 
quantity (40 c.c.) insufficient to dissolve it completely. A solution of acetyl chloride (0-7 g., 1 mol.) 
in ethyl acetate c.c.) was added dropwise within 15 minutes. The remaining solid went into solution, 
and after half of the solvent had been distilled off, the remaining liquid deposited on cooling crystals of 
impure phthalimide, which were quickly filtered off. In the filtrate a precipitate of the impure organic 
mercury compound was slowly formed. Both fractions were boiled with chloroform, in which only the 
mercury compound dissolved. Phthalimide (1 g.. 70%) was identified, after recrystallisation from 
benzene, by analysis and mixed m. p. (Found: C, 65-6; H,3-3. Calc. for C,H,O,N : , 65-3; H, 3-4%). 
The mercury compound (IIT) hints was purified by "fractional precipitation from benzene with light 
petroleum (b. p. 50—60°) ; 161—165° (Found: N, 3-4; Cl, 8-1; Hg, 45-8. C,,;H,,ONCIHg 
requires N, 3-2; Cl, 8-1; Hg, 45: 5%). The pyridine solution gives with hydrogen sulphide water a stable 
white precipitate. The solution in chloroform is not attacked by bromine at room temperature, and no 
mercury ion is split off by boiling with 6N-hydrochloric acid. 

The substance (0-25 g.) and concentrated hydrochloric acid (5 c.c.) were placed in a small flask 
fitted with a reflux condenser carrying a bent glass tube dipping into mercury, and heated on a water- 
bath. A gas was evolved, and mercury ions were liberated. On addition of water, a white substance 
was precipitated (0-1 g.) which, after recrystallisation from benzene, was found, by mixed m. p. and 
analysis, to be acetomesidide (Found : N, 7:6. Calc. for C,,H,,ON : N, 79%). 

Reaction between Mercuric Acetate, Ethylene, and Pyridine. —The slightly turbid liquid, obtained by 
introducing mercuric acetate (3-2 g.) into a mixture of pyridine (0-9 g.) and acetic acid (2-5 g.), absorbed, 

















[1949] Kirby: Quinamine. Part III. isoQuinamine. 735 


when shaken with ethylene under slight pressure, a little more than 1 mol. per mol. of mercuric acetate 
within about 8 hours. The resulting liquid, when tested with ammonium hydroxide and ammonium 
sulphide, gave a dirty-white precipitate which soon turned black. The mixture was diluted with a 
50% acetic acid solution. Cooling with ice water was applied for the following precipitations, as generally 
the crystals formed decomposed easily in the mother-liquor with evolution of a gas. Addition of sodium 
chloride solution removed, together with a part of the organic mercury compound, mercurous ions which 
had been formed during the preparation. The filtrate, after renewed dilution with 50% acetic acid 
solution, was used for further eee 

Mercuribromide (IV). On addition of sodium bromide solution, needle-shaped crystals were 
precipitated which contained more mercury and halogen than required by a simple halide (so also did 
the sodium chloride precipitate, mentioned above, even after repeated precipitation from pyridine with 
water or alcohol which did not lead to a compound of constant m. p.). No chlorine was present in the 
bromide precipitate. When the bromide was boiled with methyl cyanide, a part of it was extracted 
by the solvent while the crystals changed into a white powder whose composition corresponded to the 
mercuribromide (Found: N, 1-8; Br, 38:5; Hg, 48-6; C,H,, 3-4. C,H,NBr,Hg, requires N, 1-7; 
Br, 38-6; Hg, 48-5; C,H,, 3-4%); m. p. in sealed tube 150—152° (slight decomp.; sintering from about 
140°). When treated with ammonia solution, the salt (IV) Fagen J dissolved; the solid left turned black 
with ammonium sulphide at once, and the filtrate gave with ammonium sulphide a whitish precipitate 
which blackened rapidly, but dissolved in excess and then was stable even on boiling. Analysis showed 
- me) mercury atom had remained in solution (Found: Hg, 24:1. [C,H,NHg]HgBr, requires 

> 4: ‘o}+ 

"pentdelite (as IV). Cream-coloured needles were deposited from the filtrate from the sodium 
bromide precipitate after the addition of 50% acetic acid and potassium iodide solutions. When placed 
in a vacuum over concentrated sulphuric acid, they lost some volatile constituents without a visible 
change and attained constant weight only after more than a week (Found: N, 1-7; C,H,, 2-4. 
C,H,NI,Hg, requires N, 1-4; C,H,, 28%); m. p. 105—109° (decomp.). The substance is soluble in 
methyl cyanide and insoluble in ammonium hydroxide. 

Thiocyanate. Needles were precipitated by careful addition of potassium thiocyanate solution to the 
diluted filtrate from the chloride. ey could be precipitated in the same wa m a solution which 
was obtained by adding ethyl acetate after the absorption of ethylene and shakin g with water. They 
lost constantly in weight and changed finally into a semi-liquid; that may account for the fact that the 
mercury content was always too Sigh (Found: N, 10-0; S, 15:2; Hg, 48-3. C,H,N,S,Hg requires 
N, 9-9; S, 15-1; Hg, 47-3%). The m. p. varied between 75° and 84°. Ammonium sulphide, added to 
the ammoniacal solution, gives a white precipitate in the first instance. 

Determination of Ethylene.—The substance was decomposed by heating with a mixture of equal parts 
of concentrated hydrochloric acid and water, and the ethylene evolved was carried by a current of 
carbon dioxide through three absorption vessels filled with a 2N-solution of bromine in sodium bromide 
(10%) and subsequently through three absorption vessels filled with sodium bromide (10%). The 
amount of bromine consumed was iodometrically determined. A check on the compound C,H,,Hg(OAc), 
gave C,H,, 8-5 (Calc. : 8-1%). 


I am greatly obliged to Professor J. W. Cook, F.R.S., who kindly afforded me research facilities in 
his department. 


THE UNIVERSITY, GLASGOW. (Received, May 14th, 1948. 





156. Quinamine. Part III. isoQuinamine. 
By K. S. Krirsy. 


An isomeric compound, isoguinamine, is produced when quinamine is heated with amyl- 
alcoholic potash. It is yellow and crystalline and a number of derivatives and reactions are 
described. 


Tue alkaloid quinamine, C,,H,,0,N,, which occurs in Cinchona barks, produces 2 : 3-dimethyl- 

indole on degradation and a constitution (I) has been suggested (Henry, Kirby, and Shaw, 

J., 1945, 524; Kirby, ibid., p. 528). It is of interest that 

y, H(OH) cinchonamine, C,,H,,ON,, isolated from Remijia purdieana 

( ie has been shown to give colour reactions which indicate 

, ICHICH the presence of an indole nucleus (Raymond-Hamet, 

NH CH, os Y * Compt. rend., 1941, 212, 135) and similar reactions are 

given by aricine, C,,H,,O,N,, from Cinchona pelletierana 
(Raymond-Hamet, ibid., 1945, 221, 307). 

When quinamine is heated with amyl-alcoholic potash at least two isomeric substances are 
formed. One of these, isoguinamine, is strongly levorotatory and crystallises as yellow prisms 
which dissolve in acids or in ethanol with a green fluorescence. isoQuinamine, like quinamine, 
forms a monohydrochloride and a monomethochloride, and on hydrogenation with palladium one 
molecule of hydrogen is absorbed and dihydroisoguinamine is produced, which has the same 
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colour as the original compound. This can also be prepared by refluxing an amyl-alcoholic 
solution of dihydroquinamine with potassium hydroxide. 

When isoquinamine is heated with acetic anhydride the elements of water are lost and the 
amorphous product, anhydroisoquinamine, forms a crystalline picrate and a hydrogen and a 
neutral sulphate. The same compound results when isoquinamine is treated with benzoyl 
chloride or heated with cyclohexanone and aluminium phenoxide in xylene in the manner of the 
Oppenauer oxidation. A deep red solution is produced when anhydroisoquinamine is added to 
aqueous sodium hydroxide. Dihydroisoquinamine is also converted into an anhydro- 
derivative by reaction with acetic anhydride. 

isoQuinamine forms a resinous nitroso-derivative which gives a crystalline acetyl compound 
but is best identified as its p-nitrobenzoyl derivative. When boiled with 10% acetic acid, 
isoquinamine is recovered unchanged, whereas quinamine produces a ketonic “‘ toxin ”’ by this 
reaction. 

2 : 3-Dimethylindole is isolated as the picrate when isoquinamine is heated with zinc dust, 
and on heating either isoquinamine or its dihydro-derivative at 230—240° in a current of 
nitrogen, acetaldehyde is obtained (identified as its dimedone compound). Quinamine gives 
formaldehyde under similar conditions. The production of 1 mole of acetic acid by a 
Kuhn-Roth estimation on isoquinamine is further evidence of a CH,°C* grouping which is 
absent in quinamine. Since dihydroisoquinamine produces rather more than one mole of 
acetic acid by a Kuhn—Roth oxidation, the vinyl side chain is probably present in isoquinamine. 
Rabe, Irschick, Miller, Nielsen, Kolbe, von Riegen, and Hochstatter (Annalen, 1932, 492, 242) 
found that by heating cinchonine, cinchonidine, quinine, or quinidine with amyl-alcoholic 
potash the vinyl groups were unaffected although rearrangement to the epi-bases took place. 

The nature of the rearrangement from quinamine to isoquinamine is not immediately 
obvious although it is significant that apoquinamine is recovered mainly unchanged on boiling 
with amyl-alcoholic potash. 

When dihydroquinamine is heated with amyl-alcoholic potash a second compound, isomeric 
with isoquinamine, is also formed and crystallises as pale yellow needles from isopropanol. It 
may be a diastereoisomeride of isoquinamine but it has not yet been investigated. 


EXPERIMENTAL, 


isoQuinamine.—Potassium hydroxide (0-37 g.) was dissolved in amy] alcohol (25 ml.), and quinamine 
(2 g.) added. The solution was boiled gently for 45 minutes and then poured into water (100 ml.). 
The amyl alcohol was removed by distillation in steam and the water was decanted from the brown 
resin, which was dissolved in ethanol. isoQuinamine crystallised as yellow prisms and was recrystallised 
from ethanol (0-6 g.), m. p. 211—213°, [a]p —424° (c, 0-761 in 0-1N-H,SO,) [Found : C, 72-75; H, 7-85; 
N, 9-05; CH,(C)-, 4-85. C,,H,,0,N; requires C, 73:0; H, 7-75; N, 8-97; CH,(C)-, 4 81%). It is 
almost insoluble in ether, benzene, and light petroleum. 

Dihydroisoquinamine. —isoQuinamine (1 g.) was dissolved in ethanol (40 ml.), palladium—barium 
sulphate (0-4 g.) added, and the mixture shaken in an atmosphere of hydrogen : 74-6 ml. were absorbed 
(1 [> requires 71-6 ml.). The catalyst was filtered off, and the product crystallised, by concentration of 
the solvent, as yellow prisms, m. p. 202—204° [Found: C, 72-4; H, 83; N, 8-9; CH;(C)-, 5-3 
C,9H,,0,N, requires C, 72-5; H, 8-3; N, 8-9; CH,(C)*,4:78%]. Dihydroisoquinamine was also obtained 
when dihydroquinamine was heated in amyl alcohol with potassium hydroxide in the manner described 
for isoquinamine above; the m. p. was not lowered on admixture with the dihydroisoquinamine prepared 
by the first method. 

A second compound could be separated from dihydroisoquinamine by its easy solubility in chloroform. 
Recrystallised from isopropanol, it separated as pale yellow needles, m. p. 204° [Found : .C, 72-3; H, 
8-6; N, 8-9; CH,(C)*, 5-68. C,,H,,O,N, requires C, 72-5; H, 8-3; N, 8-9; CH;,(C)-, 4: 718%]. 

isoQuinamine Hydrochloride. This salt was obtained when isoquinamine was dissolved in 1 or 2 
equivs. of 10% hydrochloric acid, the water removed in a desiccator, and the crystalline mass: 
recrystallised from ¢thanol-ether. It formed pale yellow plates, m. p. a (Found: C, 65-4; 
H, 7:3; N, 8-3; Cl, 10-0. C,,H,,O,N,,HCl requires C, 65-4; H, 7:2; N, 8-0; C ..10-2%). 

isoQuinamine Methochloride.—tsoQuinamine (1 g.) was dissolved in acetone, ye 6 iodide (2 ml.) 
added, and the solution left overnight. The solvent was then evaporated, and the methiodide crystallised 
from ethanol-ethyl acetate as pale yellow needles, m. p. 165—166°. This methiodide (0-6 g.) was 
dissolved in methanol, and silver chloride (1-0 g.) added. The mixture was shaken, filtered, and the 
methochloride crystallised as pale yellow needles by addition of ether; m. p. 145—147, [a]p —16-8° (c, 0-893 
in methanol). The solution had a bluish fluorescence (Found: C, 60:7; H, 7:85; N, Rat Cl, 9-1; 
NMe, 7-7. C,,H,,O,N,,CH,C1,2H,O requires C, 60-2; H, 7-8; N, 7-0; Cl, 8-9; NMe, 7 3%). 

Nitrosoisoquinamine. —isoQuinamine (1 g.) was dissolved in 10% acetic acid (10 ml.), sodium nitrite 
(1-0 g.) in water (3-0 ml.) added, and the solution kept overnight. The fluorescence had disappeared, 
and after the solution had been made alkaline with sodium carbonate, the yellow precipitate was 
extracted with chloroform, and the extract was dried (Na,SO,), filtered, and evaporated, leaving a 
yellow resin (1-1 g.). This resin (0-25 g.) was dissolved in benzene (5 ml.) and pyridine (1 ml.), and 
p-nitrobenzoyl chloride (0-25 g.) was added, and after standing for 3 hours at room temperature the 
solution was heated for 20 minutes on the water-bath. 10% Sodium carbonate was added, the resin 
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extracted with chloroform, the extract dried (Na,SO,), and the solvent evaporated. Addition of ethanol 

produced yellow needles of the p-nitrobenzoyl derivative, which were recrystallised from the same 

gre 4g p. 155—156° (Found: C, 63-7; H, 5-6; N, 11-2. C,,H,,O,N, requires C, 63-7; H, 5-35; 
, 11-4%). 

Til tietatintaiteas ntasinituaninn (2 g.) was heated with acetic anhydride (7 ml.) and 4 drops of 
pyridine on the steam-bath for 4 hours. Water was then added, the solution made alkaline with ium 
carbonate, and the product extracted with butanol, to which a bright green fluorescence was imparted. 
The solvent was evaporated under reduced pressure, 20% sulphuric acid (5 ml.) added, and the hydrogen 
sulphate crystallised as yellow needles. Recrystallisation was effected from water containing a little 
sulphuric acid; m. P 246—247°, [a]p +128-3° (c, 0-967 in water) (Found: C, 58-3; H, 6-3; N, 7-4; 
S, 8-1. C,gH,,ON,,H,SO, requires C, 58-2; H, 6:2; N, 7:1; S, 82%). 

When 10% sodium carbonate was added to a solution of this sulphate in water, the neutral sulphate 
crystallised immediately as yellow plates, m. p. 302—304° a It was recrystallised from 
water [Found, for air-dried material: C, 56:2; H, 7-5. (Cy ,H,,ON,),,H,SO,,7H,O requires 
C, 66-1; H, 7-45%. Found, for material dried at 105°/12 mm.: C, 65-4; H, 6-9; N, 7-9. 
(C,,H,,ON,),,H,SO,,0-5H,O requires Cc. 65-6; H, 6-8; N, 8-05%]. 

The picrate was prepared by addition of an ethanolic solution of picric acid to a solution of the original 
base in ethanol. It separated as yellow needles which were almost insoluble in ethanol and were 
recrystallised from acetone; m. p. 232—234°, [a]p +77-6° (c, 0-49 in acetone) (Found: C, 57-15; H, 
4-9; N, 13-2. C,,H,,ON,,C,H,O,N, requires C, 57°35; H, 4-8; N, 13-4%). 

Anhydroisoquinamine was also isolated as the hydrogen sulphate (i) when isoquinamine (0-6 g.) was 
heated with benzoyl chloride (2 ml.), chloroform (2 ml.) and one drop of pyridine, and (ii) 
after isoquinamine (2 g.) was heated with dry xylene (50 ml.), dry cyclohexanone (50 ml.), and aluminium 
phenoxide (10 g.) at 150° for 50 hours. 

Dihydroanhydroisoquinamine was prepared from dihydroisoquinamine and acetic anhydride 
in the same manner as above. The hydrogen sulphate separated as yellow rods, m. p. 
236—238°, and the neutral sulphate as yellow plates, m. p. 315—317° (Found: C, 56-05; 
H, 7-65. (C,,H,,ON,),,H,SO,,7H,O requires Cc, 56-0; H, 7-7%). 

Action of Dilute Acetic Acid on isoQuinamine.—isoQuinamine (1 g.) was heated with 10% acetic acid 
(10 ml.) and water (1 ml.) for 50 hours at 100°. The solution was made alkaline with sodium carbonate, 
and the precipitate (0-9 g.) crystallised from ethanol. The crystals melted at 208° and the m. p. was not 
lowered on admixture with isoquinamine. 

Amyl-alcoholic Potash and ea (2 g.) was dissolved in amy] alcohol (25 ml.), 
—— hydroxide (0-37 g.) added, and the solution boiled for 1 hour. The amyl alcohol was removed 

distillation in steam, and the brown resin taken upinether. After drying, filtration, and evaporation 
of the solvent, the residue was crystallised from benzene-light petroleum. 1-4 G. were obtained, m. p. 
114°, not lowered on admixture with apoquinamine. 

Zinc-dust Distillation.—isoQuinamine (4 g.) was mixed with zinc dust (60 g.) and an equal bulk of 
umice, and the mixture heated at 350° in a current of hydrogen for 1-5 hours. The distillate was 
istilled in steam and the steam-volatile products were extracted with ether. The ethereal solution was 

washed several times with 10% sulphuric acid, then with 10% sodium carbonate, and after drying, 
filtration, and evaporation of the solvent, a yellow oil was obtained (0-27 g.). This was dissolved in 
benzene-light petroleum (1: 1) and poured through a column of alumina, which was then washed with 
50 ml. of the same mixture. The filtrate was collected, the solvents evaporated, and the residue (0-2 g.) 
treated with picric acid (0-3 g.) in benzene. The deep red solution was concentrated, and a crystalline 
mass separated. YY ee ee from benzene produced brown-red needles, m. p. 153°, not lowered on 
admixture with 2 : 3-dimethylindole picrate. 

Action of Heat on isoQuinamine.—isoQuinamine (5 g.) was heated in a stream of nitrogen at 230—240° 
for 2 hours, and the gases passed through a solution of dimedone (0-2 g.) in water (50 ml.). The 
precipitate, which formed slowly, was allowed to stand overnight and then filtered off (30 mg.). It was 
recrystallised from ethanol—water; m. p. 139°, not lowered on admixture with a synthetic imen of 
acetaldehyde-dimedone compound (Found : C, 70-3; H, 8-7. Calc. for C,,H,,O,: C, 70-6; H, 8-55%). 

When dihydroisoquinamine (5 g.) was treated.in the same manner 35 mg. of acetaldehyde—-dimedon 
precipitate were formed. 


The author thanks Dr. T. A. Henry and Mr. T. M. Sharp, M.Sc.Tech., for their interest, and 
Mr. A. Bennett for the microanalyses. . 


THE WELLCOME LABORATORIES OF TROPICAL MEDICINE, 
Lonpon, N.W. 1. (Received, August 24th, 1948.] 





157. Studies in the Polyene Series. Part XXVI. The Synthesis 
of Analogues of B-Ionone. 


By Sir Ian Herrsron, E. R. H. Jonzs, R. W. Ricuarpson, and F. SONDHEIMER. 


New methods have been devised for the preparation of cyclohexenealdehyde (III) and 
2-methylcyclohex-l-enealdehyde (X). Condensation of these aldehydes with acetone gave 
simple analogues of f-ionone (I; R, = R, = R, = Me) which are now readily available. 
These ketones are required for synthetic studies in the vitamin-A series and also for the 
elucidation of certain anomalies in the light-absorption properties of B-ionone. 
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TuE importance of B-ionone (I; R, = R, = R; = Me) as a starting material for the synthesis 
of polyenes of the vitamin-A and carotenoid types has long been recognised, and its usefulness 
for this purpose has been demonstrated in recent successful syntheses (inter al., Isler, Huber, 
Ronco, and Kofler, Helv. Chim. Acta, 1947, 30, 1911; Arens and van Dorp, Rec. Trav. chim., 
1946, 65, 338; Nature, 1947, 160, 189; Heilbron, Jones, and O’Sullivan, J., 1946, 866). As has 
already been indicated (Heilbron, J., 1948, 386; Heilbron, Jones, and Richardson, this vol., 
p. 287) work is in progress in these laboratories with the object of producing compounds with 
modified vitamin-A structures, with a view to elucidating the relationship between structure and 
physiological activity. 

The scheme, which is being followed, consists in the progressive introduction of methyl 
groups into a basic vitamin-A structure entirely devoid of such groups. For this purpose it was 
necessary to devise convenient methods for the-synthesis of analogues of B-ionone of the type 
(I; R,,R,,R, = H or Me), and this paper describes the synthesis of two such analogues (II) and 
(VII). Such compounds are also of interest in other connexions. Thus it has been found by 
various workers (cf. Jones, Ann. Reports, 1941, 38, 180) that B-ionone behaves anomalously in 
Grignard type reactions, and the behaviour of these simple analogues in reactions of this type 
will be studied. Furthermore we have been interested for a long time in the elucidation of the 
reasons for certain anomalies in the light-absorption properties of B-ionone and related 
substances : the data obtained from measurements with these simplified compounds have made 
possible the solution of this problem (forthcoming publication). 

Two different methods for the preparation of these unsaturated ketones have been developed : 


HO 
wn - i. CHO 
(V.) (IV.) (III.) 
Ry { 
Cgiroscom ae rae ta 
(I.) (VI.) (IL.) 


cycloHexenealdehyde (III), the obvious precursor of (II), has been obtained previously only 
in small quantities in poor yields (Wallach and Isaac, Annalen, 1906, 347, 328; Borsche and 
Schmidt, Ber., 1910, 48, 3400; Plattner and Jampolsky, Helv. Chim. Acta, 1943, 26, 687; 
Venus-Danilova, J. Gen. Chem. Russia, 1936, 6, 1863). It has now been prepared in reasonable 
yield from cyclohexanealdehyde (V), which was made most conveniently by the hydrogenation 
of cyclohex-3-enealdehyde (from butadiene and acraldehyde) (cf. Diels and Alder, Annalen, 1928, 
460, 98, who hydrogenated the semicarbazone). cycloHexanealdehyde (V) was brominated with 
bromine in chloroform by the method of Barbier (Helv. Chim. Acta, 1940, 28, 793; cf. 
Venus-Danilova, Joc. cit.) to give an 80% yield of the bromo-aldehyde (IV). This was 
conveniently dehydrobrominated by heating with an excess of diethylaniline at 100° for 
14—54 hours (depending on the scale of the experiment), to give (III) in 75% yield. 
Alternatively the bromo-aldehyde was converted into the semicarbazone of (III) by the method 
of Barbier (loc. cit.), i.e. heating with excess of semicarbazide acetate. In the latter case the 
overall yield of (III) from (V) was, however, only ca. 35%. When (III) was condensed with 
acetone in the presence of sodium hydroxide, the required 4-cyclohex-1’-enylbut-3-en-2-one (II) 
was obtained together with unchanged aldehyde. The latter was again condensed with acetone 
to give a total yield of 60% of the analogue (II), which is now obtainable in large quantities in an 
overall yield of ca. 30% based on acraldehyde. The structure of the ketone was confirmed by 
hydrogenation and by ozonolysis, whereby a 55% yield of adipic acid was obtained. For 
spectrographic purposes, the ketone was characterised by a number of derivatives, the 
semicarbazone, phenylsemicarbazone, thiosemicarbazone, and 2: 4-dinitrophenylhydrazone being 
prepared. 

The analogue (II) was also made by the partial hydrogenation of the acetylenic ketone (VI), 
the preparation of which has already been described (Heilbron, Jones, and Richardson, Joc. cit.). 
When this was hydrogenated in the presence of a quinoline-poisoned palladium—charcoal 
catalyst (cf. Isler, Huber, Ronco, and Kofler, Experientia, 1946, 2,31; Helv. Chim. Acta, loc. cit.), 
and the hydrogenation interrupted at the appropriate stage, the ketone (II) could be isolated as 
its semicarbazone in 20% yield. 

The homologous ketone (VII) was also prepared by a similar method. 2-Methylcyclo- 
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hexanealdehyde (VIII), prepared by hydrogenation of the Diels-Alder adduct of butadiene and 
crotonaldehyde (Diels and Alder, Annalen, 1929, 470, 62), was brominated as before to give an 
80% yield of the rather unstable bromo-aldehyde (IX). Little dehydrobromination occurred 
when this was heated with semicarbazide acetate solution or with diethylaniline at 100°. 
However when the bromo-aldehyde was heated to boiling with diethylaniline for 2 minutes, the 
crude product on treatment with semicarbazide acetate gave a 40% yield of 2-methylcyclo- 
hex-1-enealdehyde semicarbazone, which on steam distillation in the presence of oxalic acid yielded 
the aldehyde (X). That this compound had structure (X) and not (XI) was shown by the fact 
that the aldehyde, its semicarbazone, and its 2 : 4-dinitrophenylhydrazone were different from 
the previously-prepared isomer (XI) and its derivatives (Rapson and Shuttleworth, /., 1940, 


HO Me 
Br 
HO / Oia? Cy° HO 
— _> | or | 
@:: Me Me Me V/ 


(VIII.) ae (X.) (XI.) (XIILI.) 
Me 


* 
CH:CH:COMe CH:CH-COMe H,°CH,°COMe CH:CH-COMe 
O — Os latin —() 
\ Je Me Me \V/ 
(XV.) (VII.) (XII.) (XIV.) 


636). Further the melting point of the 2: 4-dinitrophenylhydrazone was in agreement with 
that previously recorded (Howton, J. Org. Chem., 1947, 12, 379) for the derivative of an aldehyde 
believed to be (X). Final confirmation of the structure (X) was provided by oxidation of the 
aldehyde with silver oxide to 2-methylcyclohex-l-enecarboxylic acid. No rearrangement 
could have occurred during the oxidation, as Rapson and Shuttleworth (loc. cit.) obtained the 
isomeric 6-methylcyclohex-l-enecarboxylic acid by oxidation of the isomer (XI) under similar 
conditions. 

When the aldehyde (X) was condensed with acetone in the presence of aqueous sodium 
hydroxide, the ketone (VII) was obtained in 63% yield; it was characterised by the formation 
of a semicarbazone and 2 : 4-dinitrophenylhydrazone. On hydrogenation it gave the saturated 
ketone (X11) (semicarbazone and 2 : 4-dinitrophenylhydrazone), which was obtained independently 
as described later. 

When dihydro-o-tolualdehyde (XIII) (Bernhauer et al., Biochem. Z., 1932, 251, 173; Annalen, 
1936, 525, 43) was condensed with acetone, the triply unsaturated ketone (XIV) (semicarbazone 
and 2 : 4-dinitrophenylhydrazone) was obtained in 50% yield. This is of interest because of its 
close relationship with dehydro-B-ionone (XV) recently prepared in these laboratories (Henbest, 
Nature, 1948, 161, 481). On hydrogenation (XIV) gave the same saturated ketone (XII) as had 
been obtained above. 

The light-absorption data of the compounds described in this paper are recorded in the 
Experimental section, and will be discussed, together with those of related compounds, in a 
forthcoming publication. 

EXPERIMENTAL. 
(All light-absorption data were determined in alcoholic solution unless stated otherwise.) 

cycloHexanealdehyde (V).—cycloHex-3-enealdehyde (338 g.), prepared in 90% yield from acraldehyde 
and butadiene by the method of Diels and Alder 7 nnalen, 1928, 460, 98 ; see also Chayanov, J. Gen. Chem. 
Russia, 1938, 8, 460), was dissolved in methanol (650 c.c.), and the solution was shaken for some hours 
with Raney nickel. The filtered liquid and a pre-reduced palladium-calcium carbonate catalyst (20 g. ; 
10% PdCl,) were shaken in hydrogen at oe pressure until absorption was complete (73 1. of 
hydrogen absorbed, corresponding to 1-0 [>). e filtrate was evaporated, and distillation gave cyclo- 
hexanealdehyde (296 g.; 86%), b. p. 61—63°/24 mm., n}®° 1-4503 (Wallach and Isaac, Joc. cit., give 
b. p. 161—163°, n}%" 1-4495). The 2 : 4-dinitrophenylhydrazone crystallised from ethyl acetate in yellow 
plates, m. p. 172° (Found: N, 19-5. C,,;H,,0O,N, uires N, 19-2%). The aldehyde has also been 


prepared from cyclohexyl bromide by the method of Wood and Comley (J. Soc. Chem. Ind., 1923, 42, 
429), but the procedure described above is much better. 

cycloHexenealdehyde (I11).—The saturated aldehyde (245 g.) in chloroform (800 c.c.), together with 
finely-powdered calcium carbonate (150 g.), was cooled to 0° and stirred while a solution of bromine 
(350 g.) in chloroform (300 c.c.) was added slowly. After being stirred overnight at room temperature 
the mixture was filtered, and the filtrate was washed with sodium hydrogen carbonate solution and 
sodium thiosulphate. The solvent was evaporated from the dried solution, and distillation gave 
1-bromocyclohexanealdehyde (331 g.; 80%), b. p. 90—91°/20 mm., nj" 1-500. The bromo-aldehyde 
(330 g.) and diethylaniline (600 g.) were heated on the steam-bath in nitrogen for 14 hours. Water and 
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ether were added, and the excess of diethylaniline was removed by washing with dilute sulphuric acid. 
Removal of the solvent from the dried extract left a residue which still contained a considerable amount 
of bromo-aldehyde. It was therefore heated with more diethylaniline (600 g.) on the steam-bath for a 
further 40 hours. Isolation as before, followed by distillation, gave cyclohexenealdehyde (146 g.; 77%), 
b. p. 70°/13 mm., #}f" 1-4921 (Venus-Danilova, Joc. cit., gives b. p. 61—63°/10 mm.). Light absorption : 
Maximum, 2290 a.; ¢ = 12,100. In a small-scale experiment (11 g. of bromo-aldehyde and 20 g. of 
diethylaniline) dehydrobromination was complete after 14 hours. The 2 : 4-dinitrophenylhydrazone 
crystallised from ethyl acetate in light red needles, m. p. 219—220° (Found: N, 19-5. C,;H,,0,N, 
requires N, 19-3%). Light absorption (in chloroform) : Maximum, 3770 a.; ¢ = 27,800. 

Alternatively the crude, undistilled bromo-aldehyde (from 12-5 g. of cyclohexanealdehyde) was 
treated with a solution of semicarbazide acetate (from the hydrochloride, 20 g.) in alcohol (85 c.c.) and 
water (50 c.c.), kept at 20° for 15 hours and then heated under reflux for 1 hour. Dilution with water 
and.cooling gave the semicarbazone of the unsaturated aldehyde (9-5 g.) in a fairly pure condition, 
m. p. 200—205°, raised to 213—-214° by crystallisation from methanol (Plattner and Jampolsky, Joc. cit., 
give m. p. 213—216°). Light absorption : Maxima, 2600, 2650 a.; e¢ = 28,500 and 31,700 respectively. 
The aldehyde was regenerated by steam distillation of the crude semicarbazone with oxalic acid (15 g.) 
an isolated via ether. Removal of the ether through a column gave cyclohexenealdehyde (4-3 g.), 
n° 1-492. 

4-cycloHex-1’-enylbut-3-en-2-one (II).—A solution of cyclohexenealdehyde (130 g.) in acetone (250 c.c.) 
was added during 15 minutes to a well-stirred solution of sodium hydroxide (12-5 g.) in a mixture of 
acetone (1000 c.c.) and water (400 c.c.) at 0°. The mixture was allowed to warm to room temperature 
during 45 minutes, and was then stirred for a further hour. It was poured into water (3 1.) containing 
excess of sulphuric acid, and the product was isolated with ether. The ether extract was thoroughly 
washed with water, dried, and evaporated. Distillation of the residue gave 4-cyclohex-1’-enylbut-3- 
en-2-one (80 g.) and unchanged aldehyde (55 g.); the latter was again condensed with acetone, and 
another 26 g. of ketone were obtained. The total yield of ketone was 60% (106 g.), b. p. 64°/0-1 mm., 
131—132°/14 mm., n}° 1-5492 (Found: C, 79-65; H, 9-35. C,H,,O requires C, 79-95; H, 9-4%). 
Light eee : Maximum, 2810 4.; ¢ = 20,800. The ketone had an odour resembling that of 
B-ionone. Another sample of the ketone, regenerated from the semicarbazone (see later) by heating 
under reflux with stirring for 1-5 hours with 2N-sulphuric acid and light petroleum (b. p. 80—100°), 
had b. p. 63°/0-2 mm., n}" 1-5490. 

The semicarbazone a from ethanol-ethy] acetate in long prismatic needles, m. p. 208—209° 
(Found: N, 20-05. C,,H,,ON, requires N, 20-3%). Light absorption: Maximum, 2900 a.; 
e = 35,000. Inflexion, 3000 a.; ¢ = 32,000. The phenylsemicarbazone separated from ethy] acetate as 
colourless needles, m. p. 211° (decomp.), which became yellow on e ure to air and light (Found : 
N, 14-35. C,,H,,ON; requires N, 14-85%). Light absorption: Maximum, 30004.; ¢ = 41,000. 
Inflexion, 3070 a.; © = 37,000. The thiosemicarbazone crystallised from aqueous methanol in pale 

ellow-brown leaflets, m. p. 174° (Found : N, 19-15. C,,H,,SN; requires N, 18-38%). Light absorption : 
Saalanen, 3180 a.; © = 39,000. Inflexion, 3290 4.; e¢ = 35,000. The 2: 4-dinitrophenylhydrazone 
separated from ethyl acetate as dark red, lustrous prisms, m. p. 196° (Found: C, 58-3; H, 5-6. 
C,¢H,,0,N, requires C, 58-2; H, 5-5%). Light absorption (in chloroform): Maximum, 3950 a.; 

= 32,000. 
4-cycloHexylbutan-2-one.—A solution of the ketone (II) (0-25 g.) in methanol (10 c.c.) together with 
some platinic oxide catalyst was shaken with hydrogen until absorption was complete (hydrogen 
absorbed, 80 c.c. at 27°/753 mm., equivalent to 1-95[—). The saturated ketone was converted into its 
semicarbazone (0-25 g.), which after crystallisation from aqueous methanol had m. p. 163°, undepressed 
on admixture with an authentic specimen (Heilbron, Jones, and Richardson, Joc. cit.). 

Ozonolysis of 4-cycloHex-1’-enylbut-3-en-2-one.—Ozonised oxygen was passed into a solution of the 
ketone (0°35 g.) in glacial acetic acid (10 c.c.) at 20° until a quantity approximately 50% in excess of that 
calculated had been absorbed. Hydrogen peroxide (20 c.c.; 50 vol.) was added, and after 24 hours the 
solution was boiled under reflux for 2 hours. Evaporation under reduced pressure gave a crude solid 
product (0-32 g.) which after crystallisation from 50% nitric acid gave adipic acid, m. p. 145—146°, 
undepressed on admixture with an authentic specimen. 

Preparation of 4-cycloHex-1’-enylbut-3-en-2-one (II) by Partial Hydrogenation of 4-cycloHex-1’-enyl- 
but-3-yn-2-one (VI).—The acetylenic ketone (10 g.; Heilbron, Jones, and Richardson, Joc. cit.) was 
dissolved in pure methanol (75 c.c.) and, together with quinoline-poisoned palladium-charcoal (1 g.; 
prepared by the method of Isler, Huber, Ronco, and Kofler, Experientia, loc. cit.; Helv. Chim. Acta, 
loc. cit.) was shaken with hydrogen at 20°/761 mm. until the calculated quantity of hydrogen (1620 c.c.) 
had been absorbed. The catalyst was filtered off, the bulk of the methanol was removed through a 
column, and the residue, dissolved in ether, was shaken successively with n-sulphuric acid, sodium 
hydrogen carbonate solution, and water. After evaporation of the dried ethereal solution, the product 
was distilled, and the fraction (4-1 g.), with b. p. 60—65°/0-5 mm., nm?" 1-535, was treated with 
semicarbazide acetate. The crude derivative (3-5 g.), m. p. 199—201°, was crystallised from alcohol- 
ethyl acetate to give 4-cyclohex-l’-enylbut-3-en-2-one semicarbazone (2-5 g.), m. p. 205—207°, 
undepressed on admixture with a specimen —— by the alternative route described above. 

1-Bromo-2-methylcyclohexanealdehyde (IX).—2-Methylcyclohexanealdehyde (22 g.; Diels and Alder, 
Annalen, 1929, 470, 62) in chloroform (70 c.c.), together with finely-powdered calcium carbonate (14 g.), 
was cooled to 10° and stirred while a solution of bromine (28 g.) in chloroform (25 c.c.) was added slowly. 
After being stirred for a further 3 hours at room temperature, the mixture was filtered, and the solvent 
was removed under reduced pressure. Distillation of the residue gave 1-bromo-2-methylcyclohexane- 
aldehyde (28-7 g.; 80%) as a colourless unstable liquid, b. p. 74—78°/0-7 mm., }§* 1-498 (Found: C, 
47-35; H, 6-65. C,H,,OBr requires C, 46-85; H, 6-4%). 

te pay co omy gd ecges (X).—The bromo-aldehyde (28-5 g.) and diethylaniline (60 g.) were 
heated to boiling in nitrogen. The solution was heated under reflux for 2 minutes, and was then rapidly 
cooled (if heating is prolonged much self-condensation of the aldehyde occurs). Working up as before 
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gave a liquid (13-3 g.) which could not be obtained pure by distillation. A solution of semicarbazide 
acetate was added, and the solid which separated was crystallised from methoxyethanol. This gave the 
semicarbazone of (X) (9-9 g.; 40% based on the bromo-aldehyde) as prisms, m. p. 232—233° (Found: 
N, 23-1. C,H,,ON, requires N, 23-2%):. Light absorption (in oroform): Maximum, 2740 a4.; 
e = 23,200. Inflexion, 2800 a.; ¢ = 21,700. When the semicarbazone was distilled in steam in the 
presence of oxalic acid 2-methylcyclohex-l-enealdehyde was obtained in quantitative yield, b. p. 
103°/27 mm., nj? 1-5091 (Found: C, 77-3; H, 9-75. C,H,,O requires C, 77-35; H, 9-75%). Light 
absorption: Maxima 2420, 2510a.; e¢ = 11,200 and 11,200 respectively. The 2: 4-dinitrophenyl- 
hydrazone crystallised from ethyl acetate in red needles, m. p. 186—187° (capillary), 190—191° (Kofler 
block) (Found: N, 18-1. Calc. for C,,H,,0,N,: N, 184%). Light absorption (in chloroform): 
Maximum, 3870 a.; ¢ = 29,500. [Howton, loc. cit., gives m. p. 192-4—192-7° (corr.). Rapson and 
Shuttleworth, Joc. cit., give b. p. 66—68°/10 mm., n}¥* 1-4898, for 6-methylcyclohex-l-enealdehyde 
(XI), m. p. 207—209° for its semicarbazone, and m. p. 179° for its 2: 4-dinitrophenylhydrazone. 
Wallach and Isaac, loc. cit., give m. p. 208—212° for the semicarbazone of an aldehyde, either (X) or (XI).] 

2-Methylcyclohex-1-enecarboxylic Acid.—An alcoholic solution of the aldehyde (200 mg.) was heated 
for 30 minutes with aqueous silver nitrate to which an excess of sodium hydroxide solution had been 
added. The filtered solution was extracted with ether, acidified, and re-extracted. The latter extract 
yielded 2-methylcyclohex-l-enecarboxylic acid (125 mg.), m. p. 80—82°, raised to 86° on crystallisation 
from aqueous methanol (Perkin, J., 1905, 87, 1068, gives m. p. 87°; Mousseron e¢ al., Compt. rend., 1946, 
223, 36, give m. p. 88°. Rapson and Shuttleworth, Joc. cit., give m. p. 105° for 6-methylcyclohex-l- 
enecarboxylic acid). 

4-(2’-Methylcyclohex-1’-enyl)but-3-en-2-one (VII).—The unsaturated aldehyde (X) (3-0 g.) in acetone 
(5 c.c.) was added during 5 minutes to a stirred solution of sodium hydroxide (0-3 g.) in a mixture of 
acetone (40 c.c.) and water (15 .c.c.) at 5°. The mixture was allowed to warm to room temperature 
during 30 minutes, and was then stirred for a further 14 hours. Working up with ether as 
before gave 4-(2’-methylcyclohex-1’-enyl)-but-3-en-2-one (2-5 g.; 63%) as a pleasant-smelling liquid, b. p. 
82—83°/0-2 mm., n}¥" 1-5592 (Found: C, 80-0; H, 9°75. C,,H,,O requires C, 80-4; H, 98%). Light 
absorption : Maxima, 2200, 2960 a.; ¢ = 4,000 and 20,300 respectively. The semicarbazone crystallised 
from methoxyethanol in small plates, m. p. 242° (decomp.; m. p. depends on rate of heating) (Found : 
N, 19-2. C,,H,,ON, requires N, 19-0%). Light absorption (in chloroform): Maximum, 3030 a.; 

= 40,900. The 2: 4-dinitrophenylhydrazone crystallised from ethyl acetate in two forms, light red 
needles and dark red prisms, both with m. p. 194° (Found: N, 16-0. C,,H, O,N, requires N, 16-25%). 
Light absorption (in chloroform) : Maximum, 4020 a.; ¢ = 39,900. 

4-(6’-Methylcyclohexa-1’ : 3’-dienyl)but-3-en-2-one (XIV).—Dihydro-o-tolualdehyde (23 g.) in acetone 
(50 c.c.) was added to a stirred solution of sodium hydroxide (2-5 g.) in water (80 c.c.) and 
acetone (200 c.c.) at 0°. After being stirred for 30 minutes at this temperature, the mixture was allowed 
to warm to room temperature, and was then stirred for an hour. Isolation with ether gave the triply 
unsaturated ketone (15-2 g.) as a light yellow, pleasant-smelling liquid, b. p. 141°/22 mm., n}J" 1-5985 
(Found: C, 80-9; H, 8-85. C,,H,,O requires C, 81-4; H, 8-7%). Light absorption: Maxima, 2290, 
3370 a.; ¢ = 6,000 and 17,500 respectively. The semicarbazone crystallised from methoxyethanol in 
light yellow plates, m. p. 205° (Found: N, 19-3. C,,H,,ON, requires N, 19-15%). Light absorption : 
Maxima 2550, 3190, 3340, and 3500 a.; e© = 13,200, 19,100, 25,000, and 20,200 respectively. The 
2 : 4-dinitrophenylhydrazone crystallised from ethyl acetate in very dark red needles, m. p. 170—171° 

Found: N, 16-5. C,,H,,0,N, requires N, 16-35%). Light absorption (in chloroform): Maximum 
120 a.; € = 34,900. 

4-(2’-Methylcyclohexyl)butan-2-one (XII).—(a) The triply unsaturated ketone (XIV) (3-24 g.) in ethyl 
acetate (40 c.c.) was shaken with hydrogen and platinic oxide until absorption was complete (1340 c.c. 
at 8°/756 mm., equivalent to 2-85 |=). The catalyst and solvent were removed, and distillation of the 
residue gave the saturated ketone (2-8 g.) as a mobile liquid, b. p. 115°/24 mm., n}®° 1-4689 (Found : C, 
78-3; H, 11-5. C,,H, O requires C, 78-5; H, 11-95%). The semicarbazone crystallised from methanol 
in plates, m. p. 173—174° (Found: N, 18-8. CisH,ON, requires N, 18-65%). The 2 : 4-dinitrophenyl- 
tiene from ethanol in small needles, m. p. 86° (Found: N, 15-8. C,,H,,0,N, requires 

. 16-1 ‘Q)} + _ 

(b) The doubly unsaturated ketone (VII) (187 mg.) in methanol (10 c.c.) was shaken in hydrogen and 
platinic oxide until absorption was complete (56 c.c. at 20°/765 mm., equivalent to 2-0 |/~). The catalyst 
was filtered off, and the semicarbazone was made from half of the filtrate, and was obtained as plates, 
m. p. 175°, undepressed on admixture with the sample conten gow obtained. The 2 : 4-dinitrophenyl- 
hydrazone was made from the remaining solution, and formed needles, m. p. 84—85°, undepressed on 
admixture with the sample obtained previously. 


The authors thank the Rockefeller Foundation for financial assistance; one of them (R. W. R.) is 
indebted to the Directors of Courtaulds Ltd. (Textile Division) for financial assistance, another (F. S.) 


thanks the University of London for a Postgraduate Studentship. Light-absorption data were 
determined by Dr. E. A. Braude. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. (Received, July 30th, 1948.] 











742 Heilbron, Jones, Lewis, Richardson, and Weedon : 


158. Studies in the Polyene Series. Part XXVII. The Synthesis 
of a Biologically Active Cy, Acid. 


By Sir Ian HEILBRON, E. R. H. Jones, D. G. Lewis, R. W. RicHARpDson, and 
B. C. L. WEEDON. 


Developing the scheme previously outlined for the synthesis of simplified analogues of 
vitamin A, ethynylcyclohexene (III) has been condensed with various aldehydes. The polyene 
aldehydes crotonaldehyde, sorbaldehyde, and octatrienal give the carbinols (IV; » = 1, 2, 
and 3) which on treatment with acids undergo anionotropic rearrangement to the fully- 
conjugated carbinols (V), which are converted into the corresponding ketones (VI) by Oppenauer 

’ oxidation. Reaction of the ketone (VI; » = 1) with methyl bromoacetate gives the C,, acid 
(VIII). Condensation of the ketone (VI; n = 2) with methyl bromoacetate leads to the 
isolation of a crystalline C,, acid (IX) which, when administered orally to young rats as the 
sodium salt, shows small but definite growth-promoting properties. 


In Part XXV of this series (this vol., p. 287) schemes were outlined for the synthesis of a variety 
of analogues of vitamin A with simplified structures, and the preparation of a biologically 
active C,, acid (1) was described. This paper records some further progress made. 


e e Me 
()eotineancn cron tu ~w 
(L) (I) 


The condensations of the Grignard reagent from the now readily-available ethynylcyclohexene 
(III; cf. Part XXV) with acetaldehyde gave the carbinol (II) in 55% yield. Hydrogenation of 
the latter yielded 4-cyclohexylbutan-2-ol which was oxidised to the known ketone. 

Similar condensations of cyclohexenylethynylmagnesium bromide with the «$-unsaturated 
aldehydes, crotonaldehyde, sorbaldehyde, and octatrienal, yielded the carbinols (IV; n = 1, 2, 
and 3) in yields of 42, 45, and 28%, respectively. Hydrogenation of (IV; » = 1) gave 1-cyclo- 
hexylhexan-3-ol which was oxidised by chromic acid to the corresponding ketone. 

The carbinols (IV) underwent anionotropic rearrangement on shaking with dilute sulphuric 
acid (cf. Heilbron, Jones, e¢ al., J., 1943—1946) to give the fully conjugated carbinols (V). 


Cre + OCH*[CH:CH],Me __, te ww -_ 
(III.) H (IV.) 


on CHwGHMe __, 6 eee 


Confirmation of the structure of (V; = 1) was Sie by reduction to the corresponding 
saturated carbinol which on treatment with chromic acid gave 6-cyclohexylhexan-2-one. The 
latter on oxidation with alkaline hypobromite yielded w-cyclohexylvaleric acid which was 
identified by preparation of the crystalline amide. 

To enable further extensions of the side chains to be attempted, the secondary carbinols (V) 
were converted into the corresponding ketones (VI) by oxidation with aluminium ¢ert.-butoxide 
and acetone. It was observed that the yields increased with increasing values of n; apparently 
the Oppenauer oxidation of the carbinols is hindered by the presence in the molecule of an 
acetylenic linkage, but as the number of double bonds between the latter and the hydroxyl 
group is increased, the effect diminishes. The «$-acetylenylcarbinol (II) could not be oxidised 
under the conditions used successfully with the carbinols (V). 

The pure ketones (V1; » = 1 and 2) were obtained by regeneration from the semicarbazones 
using Heilbron, Jones, and O’Sullivan’s procedure (J., 1946, 866). 

An analogue of (I) was prepared by means of a Reformatsky condensation of the ketone 
(VI; = 1) with methyl w-bromocrotonate. Extensive decomposition occurred under the 
conditions previously employed in similar reactions with $-ionone (Heilbron, Jones, and 
O’Sullivan, Joc. cit.) and 4-cyclohex-1’-enylbut-3-yn-2-one (Heilbron, Jones, and Richardson, 
this vol., p. 287). However, by dehydration and hydrolysis of the crude condensation product, 
an acidic fraction was obtained which was estimated to contain 25—30% of the acid (VII) on 
the basis of light-absorption measurements. Unfortunately the crude acid could not be 
induced to crystallise. The decomposition during the Reformatsky reaction may be attributed 
mainly to the comparatively low reactivity of the bromocrotonate since with the more reactive 
methyl bromoacetate condensation occurred readily with the ketone (VI; m = 1) to give, 
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after dehydration of the hydroxy-ester and hydrolysis, the crystalline C,, acid (VIII) in 45% 
yield. 


€ Me e 
cpemanbienmmbensn CiC-CH:CH-C:CH-CO,H aecuncmcuniimneos 
(VII.) (VIII.) (IX.) 


The ketone (VI; » = 2) also underwent normal condensation with methyl bromoacetate 
yielding the crystalline C,, acid (IX), m. p. 168°, in 12% yield. 

When the sodium salt of this C,, acid, in aqueous solution buffered at pH 10, was administered 
orally in daily doses of one milligram to young rats on a vitamini-A deficient diet definite growth 
responses were produced which indicated that the acid exhibited activity of the same order as 
that of (I) (i.e., one-thousandth of that of vitamin A itself). 

The secondary carbinol (V; » = 3) possesses a conjugated system differing from that of 
vitamin A in the replacement of an ethylenic by an acetylenic linkage. However, when 
administered orally in arachis oil to vitamin-A deficient rats, in doses of 0°5 mg. daily, it exhibited 
no growth-promoting properties, i.e., no activity approaching the order of one-thousandth of 
that of vitamin A itself. 

The various compounds described in this paper all exhibited the expected light-absorption 
properties (see table). 


Amax. A. Emax.- Amaz. A. Emax.: 
Leer 2270 14,500 Ketone (VI; % = 1) ........ccceceeeee 3120 20,000 
2340* 12,500 2220 7,500 
Carbinol (IV; ” = 1)...... 2300 15,500 CES CT ccncccdedteveceses 3300 24,000 
2350* 15,000 3460 * 22,500 
(IV; »=2) ... 2290 | ee en 3130 22,000 
2380 22,500 2370 16,500 
(IV; m= 3) ... 2690 60,000 . 2420° 14,600 

2780* 52,000 a, , 

. ne, H?... 
Carbinol (V; # = 1) ...... 2640 19,500 (x 2 3250 32,500 
2780 13,500 : 
(Vi; n= 2) th EA 2950 21,000 Cis BENE CEE) ciscoeccssceccncsosccccsscsess 3380 45,000 
3060 18,500 Cy, acid A (I) ® ..........ccccceccccececees —_ oven 
_— ,000 
(V; m = 3) ...... $810 38.000 oy 
2390 12,500 Vitamin-A acid ® ................cceeeeee 3400 37,500 
* Inflexion. 


1 Heilbron, — and O’Sullivan, loc. cit. 
* Heilbron, Jones, and Richardson, loc. cit. 
* Arens and van Dorp, Rec. Trav. chim., 1946, 65, 338. 


EXPERIMENTAL. 


Light-absorption measurements were carried out in ethanol except where stated otherwise. All 
the operations were carried out in an atmosphere of nitrogen. 

4-cycloHex-1’-enylbut-3-yn-2-ol (II).—Ethynylcyclohexene (60 g.) in ether (50 c.c.) was added dropwise 
to a solution of ethyl esium bromide (p from 12-5 g. of magnesium) in ether (500 c.c.), the 
solution heated under reflux for 3 hours, and then cooled to 10°. Acetaldehyde (28 g.) in ether (30 c.c.) 
was added dropwise, and the mixture left at room temperature overnight. The complex was decomposed 
by the addition of ice and ammonium chloride (200 g.), and the product isolated by means of ether. 
After the solution had been washed with water until it was neutral, and dried, distillation gave 4-cyclo- 
hex-1’-enylbut-3-yn-2-ol (43 g.) as as yellow, viscous oil with a characteristic odour, b. p. 82°/0-2 mm., 
nif’ 1-5218 (Found: C, 79-65; H, 9-5. C, 9H,,O requires C, 79-95; H, 94%). Light absorption : 
see Table. Active hydrogen (Zerewitinoff) : e carbinol (163 mg.) evolved 27-1 c.c. of methane at 
16°/767 mm., equivalent to 1-05 atoms of active hydrogen mol, 

sendalicntatentaL--the carbinol (II; 3-0 g.) in ethyl acetate (25 c.c.) was shaken with hydrogen 
and platinic oxide catalyst until absorption was complete (1310 c.c. at 20°/762 mm., equivalent to 2-75 5 
After separation of the catalyst by filtration and removal of solvent, distillation gave 4-cyclohexyl- 
butan-2-ol (1-6 g.) as a pleasant-smelling mobile liquid, b. p. 118°/15 mm., n}" 1-4671 (Vavon, Compt. 
vend., 1912, 154, 359, gives b. p. 112°/14 mm., mJ" 1-467) (Found : C, 77-1; H, 12-45. Calc. for CysH4.O: 
C, 76°85; H, 12-9%). The a-naphthylurethane crystallised from ne petroleum (b. p. 60—80°) as small 
prismatic needles, m. p. 99° (Found: C, 78-45; H, 8-75. Cy,Hy, N requires C, 78-15; H, 8-8%). 

4-cycloHexylbutan-2-one.—The saturated carbinol was oxidised with chromium trioxide in glacial 


acetic acid, and the crude ketone isolated. The 2 : 4-dinitrophenylhydrazone, crystallised from methanol, 
had m. p. 106°, undepressed on admixture with the derivative previously described (Heilbron, Jones, and 
Ric son, loc. cit.). 

1-cycloHex-1’-enylhex-4-en-1-yn-3-ol (IV; » = 1).—Ethynylcyclohexene (31 g.) in ether (50 c.c.) was 
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added dropwise to a solution of ethylmagnesium bromide (prepared from 6-1 g. of magnesium) in ether 
(100 c.c.), and the solution was then heated under reflux for 3 hours. Crotonaldehyde (17-5 g., freshly 
distilled) in ether (50 c.c.) was added dropwise to the solution (or in some cases fine suspension) of 
Grignard complex cooled to 0°, and the mixture left overnight at room temperature. The complex was 
decomposed by pouring on ice and ammonium chloride (100 g.); isolation of the product with ether and 
distillation gave 1-cyclohex-1’-enylhex-4-en-1-yn-3-ol (22 g.) as a very pale yellow, viscous liquid, b. p. 


115°/0-1 mm., »3" 1-5381 (Found: C, 81-55; H, 9-05. C,,H,,O requires C, 81-8; H, 9-1%). Light 
absorption: see Table. Active hydrogen (Zerewitinoff) : The carbinol (95-5 mg.) evolved 12-3 c.c. of 
methane at 18°/765 mm., equivalent to 0-96 active hydrogen atom per mol. The 3: 5-dinitrobenzoate 
crystallised from light petroleum (b. p. 40—60°) in small rosettes of needles, m. p. 107° (Found: C, 
61-65; H, 5-0. C,,H,,0,N, requires C, 61-45; H, 49%). Light absorption: Maxima, 2500, 2400, and 
2270a.; €¢ = 28,000, 35,000, and 37,000 respectively. 

1-cycloHexylhexan-3-ol and cycloHexylhexane.—1-cycloHex-1’-enylhex-4-en-l-yn-3-ol (7-5 g.) in ethyl 
acetate (75 c.c.) was shaken with hydrogen and platinic oxide catalyst (25 mg.) until absorption was 
complete (3850 c.c. at 15°/770 mm., equivalent to 3-9/—). After separation of the catalyst by filtration 
through alumina, and removal of the solvent, distillation gave l1-cyclohexylhexan-3-ol (3-9 g.) as a pleasant- 
smelling, viscous liquid, b. p. 93°/0-5 mm., n}§° 1-4668 (Found: C, 78-6; H, 13-0. C,,H,,O requires 
C, 78:2; H, 13-1%). The a-naphthylurethane crystallised in rosettes or clusters of small needles from 
light petroleum (b. p. 40—60°) after long standing at 0°, m. p. 74—75° (Found: C, 78-45; H, 8-75. 
C,3H;,0,N requires C, 78-15; H, 88%). From the hydrogenation experiment was also obtained a 
mobile liquid (1-9 g.), b. p. 102°/16 mm., m}® 1-4492 (Found: C, 84:65; H, 13-9. Calc. for C,,H,,: 
C, 85-6; H, 14-4%). (Bourguel, Bull. Soc. chim., 1927, 41, 1476, gives b. p. 102°/16 mm., 130° 1-446, for 
cyclohexylhexane.) 

1-cycloHexylhexan-3-one.—1-cycloHexylhexan-3-ol (3-1 g.) in glacial acetic acid (15 c.c.) was oxidised 
by the dropwise addition of a solution of chromium trioxide (1-2 g.) in water (2c.c.) and acetic acid (5c.c.). 
After being kept overnight at room temperature the mixture was partially neutralised by pouring on ice 
and aqueous sodium hydroxide (6-5 g. in 50 c.c. of water), and extracted with ether. After the extract 
had been washed with sodium hydrogen carbonate solution and water and dried, distillation gave 
l1-cyclohexylhexan-3-one (2-4 g.), b. p. 130°/15 mm., n}#° 1-4583 (Found: C, 79-5; H, 12-3. C,,H,,O0 
requires C, 79-0; H, 12-2%). The semicarbazone crystallised from aqueous methanol in glistening 
needles, m. p. 127-5° (Found: C, 65-5; H, 10-3. C,,H,,ON; requires C, 65-2; H, 10-5%). 

6-cycloHex-1’-enylhex-3-en-5-yn-2-ol (V; m = 1).—1-cycloHex-1’-enylhex-4-en-l-yn-3-ol (25 g.), 5% 
(w/v) aqueous sulphuric acid (250 c.c.), and a trace of quinol were shaken for 36 hours. The product was 
isolated by means of ether giving 6-cyclohex-1’-enylhex-3-en-5-yn-2-ol (20-7 g.) as a pale yellow viscous 
liquid, b. p. 70—80° (bath temp.) /10~ mm., n}}" 1-5550 (Found: C, 81-0; H, 9-0. C,,H,,O requires 
C, 81-8; H, 9-1%). Light absorption: see Table. Active hydrogen (Zerewitinoff): The carbinol 
(148 mg.) evolved 20-3 c.c. of methane at 16°/767 mm., equivalent to 1-03 atoms of active hydrogen per 
mol. The 3: 5-dinitrobenzoate crystallised from light petroleum (b. p. 60—80°) in feathery crystals, 
m. p. 104—105° (Found : C, 61-1; H,4:9. C,,H,,0,N, requires C, 61-45; H,4-9%). Light absorption : 
Maxima, 2820, 2650, 2500, and 2280a.; ¢ = 17,500, 25,000, 28,500, and 32,500 respectively. 

6-cycloHexylhexan-2-ol.—The carbinol (V; ” = 1) (5-55 g.) in ethyl acetate (25c.c.) was shaken with 
hydrogen and platinic oxide catalyst (25 mg.) until absorption was complete (2938 c.c. at 16°/773 mm. ; 
equivalent to 4-0 °). After separation of the catalyst, distillation gave 6-cyclohexylhexan-2-ol (4-2 g.) as 
a pleasant-smelling, viscous liquid, b. p. 137°/15 mm., n}j* 1-4659 (Found : C, 78-35; H, 12-8. C,,H,,O 
requires C, 78-2; H, 131%). The a-naphthylurethane crystallised from light petroleum (b. p. 60—80°) 
as feathery crystals, m. p. 93° (Found: C, 78-7; H, 8-65. C,,H;,0,N requires C, 78-15; H, 8-85%). 

6-cycloHexylhexan-2-one.—6-cycloHexylhexan-2-ol (3-35 g.) in glacial acetic acid (15c.c.) was oxidised 
with chromium trioxide (1-25 g.) in acetic acid (5 c.c.) as previously described. Isolation as before gave 
6-cyclohexylhexan-2-one (2-85 g.) as a pleasant-smelling liquid, b. p. 130°/14 mm., n}€° 1-4594 (Found: C, 
78-75; H, 11-8. C,,H,,O requires C, 79-05; H, 12-2%). The semicarbazone crystallised from aqueous 
10-58%). in plates or prisms, m. p. 154° (Found: C, 65-85; H, 10-1. C,,;H,,ON, requires C, 65-2; H, 
10-55%). 

w-cycloHexylvaleramide.—6-cycloHexylhexan-2-one (0-6 g.) was shaken for 15 hours with excess of 
alkaline sodium hypobromite (prepared from bromine, 7 g., and sodium hydroxide, 5 g., in water 50 c.c.). 
The solution was diluted to 100 c.c. with water, cooled, and decolourised by the careful addition of a 
solution of sodium metabisulphite. After a single extraction with ether, the aqueous phase was acidified 
with 2n-sulphuric acid, and the liberated acid isolated by means of ether, giving crude w-cyclohexylvaleric 
acid (0-7 g.). This acid and thionyl chloride (5 c.c.) were heated under reflux for 3 hours, the excess of 
reagent removed under reduced pressure, and the crude acid chloride dropped into concentrated ammonium 
hydroxide solution (§ c.c.; @ 0-88). Crystallisation of the separated amide from a methanol gave 
w-cyclohexylvaleramide (0-25 g.), m. p. 121° (Katznelson and Bubinin, Compt. rend. Acad. Sci. U.R.S.S., 
1936, 4, 405, give m. p. 122—123°). 

6-cycloHex-1’-enylhex-3-en-5-yn-2-one (VI; = 1).—6-cycloHex-1’-enylhex-3-en-5-yn-2-ol (30 g. 
and aluminium #ert.-butoxide (75 g.) in dry acetone (750 c.c.) and dry benzene (1500 c.c.) were hea 
under reflux for 60 hours. The product was then poured on 2N-sulphuric acid (500 c.c.) and ice, and the 
organic layer removed. After being washed with sodium hydrogen carbonate solution and water, and 
dried, the benzene was removed at 40°/250 mm. Distillation of the residue gave a mixture (24-1 g.) of 
ketone and unchanged carbinol, b. p. 85° (bath temp.) /10~* mm., 30" 1-572. Light absorption : Maxima, 
3100, 2650, and 2230 .; Ei %s. = 430,900,and 490. Inflexion, 2780a.; Ei%m. = 820. Thecrude ketone 
(24 g.) was left with a solution of semicarbazide acetate (from 11 g. of semicarbazide hydrochloride) in 
methanol (250 c.c.) for 24 hours at room temperature and then for a further 24 hours at 0° to —5°. 
solid was filtered off and recrystallised from methanol giving the semicarbazone (9-85 g.), m. p. 
(Found: N, 18-65. C,,;H,,ON, requires N, 18-15%). The semicarbazone (9-8 g.) was hea under 
reflux with stirring with 2N-sulphuric acid (100 c.c.) and light petroleum (200 c.c., b. p. 80—100°) until 
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all solid material had dissolved. After being heated for a further 0-5 hour, the mixture was cooled, and 
the petroleum layer removed. After being washed free from acid with sodium hydrogen carbonate 
solution and dried, the solution was evaporated, and the residue distilled giving 6-cyclohex-1’-enylhex-3-en- 
5-yn-2-one (6-25 g.) as a pale yellow, viscous liquid, b. p. 80° (bath temp.) /10~ mm., n}§° 1-5906 (Found : 
C, 82-65; H, 8-1. C,,H,,O requires C, 82-75; H, 8-1%). Light absorption: see Table. From the 
mother liquors obtained in the preparation of the semicarbazone the carbinol (V, » = 1; 5-5 g.) was 
recovered. 

6-cycloHexylhexan-2-one Semicarbazone.—A solution of this ketone (508 mg.) in ethyl acetate (25 c.c.) 
was shaken with hydrogen and platinic oxide catalyst until absorption was complete (272 c.c. at 13°/778 
mm.; equivalent to 4-05[—). The semicarbazone of the saturated ketone crystallised from aqueous 
methanol, m. p. (and mixed m. p. with specimen described above) 154°. 

6-cycloHex-1’-enyl-2-methylhexa-1 : 3-dien-5-yne-l-carboxylic Acid (VIII).—6-cycloHex-1’-enylhex-3- 
en-5-yn-2-one (2-75 g.), methyl bromoacetate (2-5 g.), zinc turnings (1-1 g.), and benzene (35 c.c.) were 
heated under reflux with stirring for 1 hour with the addition of a small crystal of iodine. The mixture 
was then cooled and poured into n-acetic acid (100 c.c.). The crude hydroxy-ester (4-05 g.), ni§° 1-554, 
was isolated in the usual manner. Light absorption : Maxima, 2790 and 2640 a. ; E}%,. = 450 and 600 
respectively. 

The ester was heated with anhydrous oxalic acid (10 g.) for 3 hours at 95—100°. Isolation with light 
petroleum (b. p. 40—60°) gave the crude unsaturated ester (3-3 g.), m}f" 1-598. Light absorption ; 
Maxima, 3250 and 3090 a.; E}%_. = 680 and 740 respectively. 

The ester was dissolved in a solution of potassium hydroxide in methanol (100 c.c.; 10% w/v), and 
the mixture was kept at 20° for 60 hours. After the addition of water (250 c.c.) to the solution, and 
extraction of the non-saponifiable portion with ether, the acid was liberated from the aqueous phase by 
acidifying to pH 3 with phosphoric acid (50% w/v), and was isolated by means of ether. The crude acid 
(2-4 g.) was triturated with aqueous methanol (5 c.c., 70% w/v) at 0°, and was filtered off. Crystallisation 
of the solid from light petroleum (b. p. 80—100°) gave 6-cyclohex-1’-enyl-2-methylhexa-1 : 3-dien-5-yne-1- 
carboxylic acid (1-55 g.) as pale yellow needles, m. p. 115—116° (Found: C, 77-35; H, 7°55. C,,H 4,0, 
requires C, 77-7; H, 7-45%). Light absorption : see Table. 

Condensation of the Ketone (V1; » = 1) with Methyl w-Bromocrotonate.—The ketone (1-0 g.), methyl 
w-bromocrotonate (1-0 g.), and zinc turnings (0-37 g.) were allowed to react in sulphur-free benzene 
(20 c.c.), and the product was isolated, as described in the previous experiment. After the final 
hydrolysis with potassium hydroxide in methanol (15 c.c.; 10% w/v) for 48 hours, an acidic fraction 
was obtained (0-3 g.) as a light brown, viscous oil. Light absorption : Maximum, 3370 a. ; E}%,. = 330, 
indicating an appreciable content of an acid of structure (VII). On long keeping at —5° with a few 
drops of acetone the oil partially solidified, but no crystalline material could be isolated. 

1-cycloHex-1’-enylocta-4 : 6-dien-l-yn-3-ol (IV; m = 2).—Ethynylcyclohexene (42 g.) was added 
slowly to a well-stirred solution of ethylmagnesium bromide, from magnesium (9-5 g.), in ether (250 c.c.). 
After addition was complete, the liquid was heated under reflux for 14 hours, then cooled, and diluted with 
dry ether to 1500 c.c. To the cooled suspension, sorbaldehyde (38 g., 3##° 1-5320) in ether (50 c.c.) was 
added dropwise. After a further 2 hours at 20°, the mixture was added to a solution of ammonium 
chloride (50 g.) in water (21.) at 0°. The ethereal layer was separated, washed free from acid, dried, and 
evaporated. Distillation yielded 1-cyclohex-1’-enylocta-4 : 6-dien-l-yn-3-ol as a viscous, yellow oil 
(36 g.), b. p. 90—95° (bath temp.) /10~° mm., n??° 1-5612 (Found: C, 82-9; H, 9:15. C,,H,,O requires 
C, 83-2; H, 9-0%). Light absorption: see Table. 

8-cycloHex-1’-enylocta-3 : 5-dien-7-yn-2-ol (V; n = 2).—The carbinol (IV; m = 2) (22 g.) was shaken 
for 14 hours with acetone (400 c.c.) and 2N-sulphuric acid (500 c.c.). The mixture was added to water 
(21.), and the product was isolated with ether. istillation gave 8-cyclohex-1’-enylocta-3 : 5-dien-7-yn-2-ol 
(16-5 g.) as a very viscous, yellow oil, b. p. 80—90° (bath temp.) /10-> mm., n?" 1-5955 (Found: C, 83-1; 
H, 8-95. C,,H,,O requires C, 83-2; H, 9-0%). Light adsorption: see Table. 

8-cycloHex-1’-enylocta-3 : 5-dien-T-yn-2-one (VI; m = 2).—A mixture of the re-arranged carbinol 
(15 g.), aluminium #ert.-butoxide (45 g.), acetone (500 c.c.), and benzene (1000 c.c.) was heated under 
reflux for 48 hours. After cooling, the liquid was, poured into excess of 0-5n-sulphuric acid (2 1.) at 0°. 
The — layer was extracted with ether. The ethereal extract, together with the benzene layer, was 
washed with sodium hydrogen carbonate solution and water, dried, and evaporated. Distillation of 
the residue gave the crude ketone (11-6 g.), b. p. 110—130° (bath temp.) /10~ mm., }#}* 1-6088. This 
crude material was treated with an excess of semicarbazide acetate in 90% aqueous methanol; the 
mixture was warmed to 60°, then left for 24 hours at 20° and fora further 24hoursat0°. The precipitate 
was crystallised from methanol giving the semicarbazone (9-1 g.) as pale yellow needles, m. p. 186° (Found : 
N, 16-0. C,,;H,,ON, requires N, 16-3%). Light absorption : Maximum, 3380 a.; ¢ = 41,000. Infiexion, 
3550 a.; © = 36,000. 

A suspension of the semicarbazone (5 g.; m. p. 185°) in light petroleum (250 c.c.; b. p. 80—100°) and 
2n-sulphuric acid (250 c.c.) was heated under reflux with vigorous stirring until all the solid had disappeared 
(3 hours). Isolation gave the ketone as a light yellow oil (3-2 g.), b. a5 90—95° (bath temp.) /10-° mm., 
= so (Found: C, 83-8; H, 82. C,,H,,O requires C, 84-0; H, 8-1%). Light absorption: see 

able. 

8-cycloHex-1’-enyl-2-methylocta-1 : 3 : 5-trien-7-yne-l-carboxylic Acid (IX).—A mixture of the 
regenerated ketone (VI; = 2) (3-2 g.), methyl bromoacetate (2-5 g.), activated zinc turnings (1-1 g.), 
mercuric chloride (0-1 g.), and thiophen-free benzene (100 c.c.) was heated under reflux for 2 hours, 
during which time most of the zinc dissolved. The liquid was then cooled, and was shaken with 5% 
acetic acid (200 c.c.). The benzene layer was separated, washed free from acid, dried, and evaporated. 
Anhydrous oxalic acid (3 g.) was added to the residual orange-red oil, and the mixture was heated to 
100°/0-1 mm. for 2 hours. After cooling, the dark red product was extracted with light petroleum 
(b. P. 40—60°). The extract was washed with sodium hydrogen carbonate solution and water, dried, 
and evaporated. The residual crude ester was dissolved in a solution of potassium hydroxide in 
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methanol (500 c.c., 10%), and was kept at 20° for 48 hours. Water (2 1.) was then added, the non- 
saponifiable material was extracted with ether, and the aqueous portion acidified with phosphoric acid 
(50% w/v). The liberated acid was isolated with ether. Trituration of the resulting viscous, orange 
oil with benzene gave a yellow solid which was recrystallised from methanol yielding the acid (0-45 g.) in 
rhombic needles, m. p. 168° (Found: C, 79-6; H, 7-6. C,,H,,O requires C, 79-3; H, 7-5%). Light 
absorption : see Table. ; 

1-cycloHex-1’-enyldeca-4 : 6 : 8-trien-1-yn-3-ol (IV; m = 3).—Ethynylcyclohexene (10 g.) was added 
slowly to a well-stirred solution of ethylmagnesium bromide (prepared from magnesium, 2-5 g.) in ether 
(100 c.c.). After addition was complete, the solution was heated under reflux for 14 hours, cooled, and 
diluted with ether (400 c.c.). Octatrienal (12 g., m. p. 51°) in ether (100 c.c.) was then added dropwise 
at 0°. After being stirred at 20° for 2 hours, the mixture was poured into a solution of ammonium 
chloride (20 g.) in water (1000 c.c.). The ethereal layer was washed with sodium hydrogen carbonate 
solution and water, dried, and evaporated. On adding light petroleum (b. p. 40—60°) the residue 
partially solidified. The solid was filtered off, and was recrystallised from aqueous methanol, yielding 
1-cyclohex-1’-enyldeca-4 : 6 : 8-trien-1-yn-3-ol (6-1 g.) in clusters of colourless needles, m. p. 108° (Found : 
C, 83-9; H, 9-0. C,,H.»O requires C, 84-2; H, 8-85%). Light absorption: see Table. 

10-cycloHex-1’-enyldeca-3 : 5 : 7-trien-9-yn-2-ol (V; m = 3).—The carbinol (IV; = 3) (4-2 g.) 
was shaken for 14 hours with acetone (100 c.c.) and 2N-sulphuric acid (200 c.c.). The mixture was 
poured into water, and extracted with ether. The ethereal extracts were washed with sodium hydrogen 
carbonate solution and water, dried, and evaporated. The residue was distilled, giving the rearranged 
carbinol as a viscous yellow oil (2-7 g.), b. p. 115—120° (bath temp.) /10 mm., ?" 1-6254 (Found : C, 
84-0; H, 9-2. C gH »O requires C, 84-2; H, 885%). Light absorption: see Table. 

10-cycloHex-1’-enyldeca-3 : 5 : 7-trien-9-yn-2-one Semicarbazone.—A solution of the rearranged 
carbinol (V; » = 3) (1-5g.) and aluminium #ert.-butoxide (5 g.) in acetone (50c.c.) and benzene (120 c.c.) 
was heated under reflux for 48 hours. After cooling, the mixture was poured into 0-5n-sulphuric 
acid (500 c.c.) at 0°, and the crude product was isolated as an orange-red oil. The latter was treated 
with excess of semicarbazide acetate in 90% aqueous methanol, warmed to 60°, and left for 24 hours at 
20° and finally for 24 hours at 0°. The resulting precipitate (1-3 g.) was recrystallised from ethyl acetate, 
yielding the semicarbazone as light yellow plates, m. p. 203° (decomp.) (Found: N, 14-7. C,,H,,ON, 
requires N, 14-8%). Light absorption : Maxima, 2650, 3640, and 3780 a.; ¢ = 8,500, 59,500, and 46,500 
respectively. 
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159. Cyclic Meso-ionic Compounds. Part II. The Electric Dipole 
Moments of Some Sydnones. 


By R. A. W. Hitt and L. E. Sutton, 


The electric dipole moments of N-phenyl-, N-p-tolyl-, N-p-chlorophenyl-, C-chloro-N-phenyl, 
C-bromo-N-phenyl-, N-phenyl-C-methyl-, N-cyclohexyl-, and N-benzyl-sydnones, measured 
in benzene solution at 25°, are reported. 

By making likely assumptions about bond moments and the changes caused by substituent 
groups, it has been possible to elucidate the geometry of the compounds. Furthermore, the 
moment of Earl’s bicyclic structure has been estimated and compared with the observed value. 

It is concluded that this structure is inadequate to explain either the magnitude of the 
moment or the geometry of the sydnone ring; and that there is resonance between a number of 
polar structures. Those with a positive formal charge on the fully-substituted nitrogen 
atom and a negative one on the carbonyl oxygen are believed to predominate. A comparison 
with molecular-orbital calculations by Mr. C. H. Longuet-Higgins is made. 

There is evidence for inter-ring resonance in the N-arylsydnones; but the resulting moments 
are small compared with the total moments. 


THE organo-chemical problem of formulating the sydnones has been stated in a letter by 
Baker and Ollis (Nature, 1946, 158, 703) and in Part I of this series (this vol., p. 307). Some of 
the objections to Earl’s original dicyclic structure, and the possibility of ionic alternatives, were 
pointed out independently to the present authors by Dr. J. A. Barltrop (Oxford) with whom 
work on the subject was planned. Publication of the letter mentioned above led to a joint 
programme being undertaken at Bristol and Oxford, concerning which a preliminary note has 
already appeared (Nature, 1947, 160, 366). 

Earl and Le Févre informed us that they had been engaged on a similar series of measurements 
(see Nature, 1947, 160, 366; also J., 1948, 2269) and have kindly allowed us to quote their 
results, 
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EXPERIMENTAL. 


Prepavation and Purification of Materials.—Benzene. ‘‘ AnalaR’’ Benzene was purified by crystal- 
lising three times, rejecting about a a each time, and dried by standing over phosphoric anhydride. 
Immediately before use it was distilled over more phosphoric anhydride in an all-glass apparatus, from 
which moisture was excluded by a small pressure of dry air. The dielectric cell and the bottle in which 
solutions were made up were also kept dry in this way. The melting point of the solvent depended 
slightly on the original sample, but it always lay between 5-35° and 5-4°. The specific volume was 
constant to +0-00025 unit. No attempt was made to purify the solvent so as to obtain greater 
consistency of specific volume: the value for the solvent in each run was obtained from the mean curve 
of specific volume against weight fraction (see below) and is given in the appropriate table (p. 748). 

Sydnones. Dr. J. A. Barltrop gave us samples of N-phenyl- and N-P-tolyl-sydnone. The other 
ae were provided by Prof. Wilson Baker and Messrs. W. D. Ollis and V. D. Poole (Bristol), who 

so sent a sample of N-phenylsydnone (see below and this vol., p. 307). 

Physical Measurements.—Electric dipole moments were determined by measuring the dielectric 
constants, specific volumes and refractive indices of benzene solutions at 25°. 

Dielectric constants were determined with a heterodyne-beat capacity meter, in principle the same 
as that described by Sutton (Proc. Roy. Soc., 1931, A, 188, 668) but considerably improved in detail. 
A cathode-ray tube detector replaced the loud: er; and a new switch, compact, yet having low and 
very reproducible capacities, was installed. e€ apparatus was calibrated with benzene, purified as 
above, which was taken to have the dielectric constant 2-2727 at 25° (Hartshorn and Oliver, Proc. Roy. 
Soc., 1929, 123 A, 683). 

Specific volumes were determined with a 10-ml. Sprengel—-Ostwald pyknometer. They were not 
corrected for air buoyancy since this causes a negligible error in the moment which depends mainly on 
the differences between solvent and solutions, and because the solvent was not purified to so high a degree 
as to make absolute values very important. 

Refractive indices. A Jamin interferometer * with divided cell was used to measure the difference in 
refractive index between solution and pure solvent, which was taken to have a standard refractive 
index of 1-50238. 

Calculation of Moment.—In the following sections w, is the weight-fraction of the solute, ¢,, the 
dielectric constant of the solutions, v,, its specific volume, and Am the difference of refractive index 
between solution and solvent; 7P, is the total molar polarisation of the solute, equal to rp, times M,, 
and gP, the co mding molar electron polarisation. For finding total polarisations at infinite 
dilution Hedestrand’s procedure (Z. physikal. Chem., 1929, B, 2, 428) was used with the refinements, 
suggested by Halverstadt and Kumler (J. Amer. Chem. Soc., 1942, 64, 2988). When the plot of apparent 
molar polarisation against weight-fraction is not linear, as was the case with N-phenylsydnone, this is a 
much more precise way of extrapolating to infinite dilution. 

Dielectric constants and specific volumes were plotted against weight fractions of solute and the 
straight lines. 

ee ee ee a ee ee |) 


and Vi2 = b oe Bw, . . . . . . . . . . . (2) 


fitted by the method of least squares. From the slopes a and £ and the intercepts a and b, which were 
taken to be the solvent parameters e, and v,, the total specific polarisation of the solute could be calculated 


from the equation 
th, = 3av,/(e, + 2)* + (vy, + Ale, — I /(er +2) - - - «© + | (3) 


The electron polarisation was calculated as follows. The interferometer reading AR, proportional 
to the difference of refractive index, was plotted against w,, and a straight line AR = c + yw, fitted as 
before. The refractive index of any solution could then be calculated by interpolation from the formula 


Nis = ny + yhw, 7 . 7 . . . . 7 . . . (4) 


where & is the calibration constant and ”, = 1-50238. 
Since it is unnecessary to extrapolate to infinite dilution, the electron polarisation was obtained by 
choosing a weight-fraction, conveniently 0-01, and calculating ,, and v,, from (2) and (4) and then 


Pi, from 
wae BP is = Via(M19" — 1) /(myg® +2). - © © © 6 6 + (5) 


Finally 
EP, = (EPig — 0°99mP,)/001 . «. «© 2 ew we ee le (6) 
where gp, = b(m, — 1)/(m,* + 2) 


At 25° the dipole moment p equals 
0-2212 V M, (th; — EP) . . . ll . . . . . (7) 


where M, is the molecular weight of the solute. Since the total polarisations are so large, we have not 
attempted to make an allowance for atom polarisation. 

Precision of the Measurements.—Dielectric constant. When the moment is low (<1-0 D.) the average 
scatter of points about the ¢,-w plot is not greater than 0-0002 unit of dielectric constant. When it is 
arge, however, the average scatter may be 0-0015. 

—_ volume. The average scatter about the v,,-w, plot is never greater than 0-0001 unit of 

c volume. 

Refractive index. The average scatter about the An-w, plot is not greater than 0-00003 unit of 

refractive index. 


* Designed by Dr. H. G. Kuhn, of the Clarendon Laboratory, Oxford. 
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The results are given in the following tables, and are then summarised and compared with those of 
Earl, Leake, and Le Févre (E., L., LeF.). 


w, X 10°. E19- V3. An x 105. w, X 108. E12. Vi9- An x 10. 
N-Phenylsydnone. 
2257 2-3376 — 29 8672 2-5194 1-1417 107 
3006 _— 1-144] — *4541 2-4046 1-1432 55 
4470 2-4026 — 55 *7655 2-4945 1-1419 94 
5648 2-4373 1-1432 67 


* Sample from Bristol. 
E1, = 2:2749 + 28-49w,; v1, = 1-1453 — 0-43u,; mg = m, + 0-122w,; gP, = 45-4; P, = 903-5; 
p = 6-48 D. 
N-p-Tolylsydnone. 
2702 2-3537 1-1444 33 7610 2-5000 1-1425 —_ 
6067 2-4565 1-1429 69 8776 2-5331 1-1421 99 
E14, = 2°2748 + 29-58w,; v,, = 1:1454 — 0-38u,; ny, = n, + 0-109w,; gP, = 50-7; rP, = 1021-2; 
p = 6-89 D. 
N-Benzylsydnone. 
2513 2-3346 1-1441 26 6937 2-4443 1-1423 68 
3910 2-3688 11436 . 39 9631 2-5085 1-1413 94 
12 = 2-2733 + 24-49w,; v1, = 11451 — 0-40w,; n,, = nm, + 0-096w,; gP, = 48-5; rP, = 851-7; 
pe = 6-27 D. 
N-p-Chlorophenylsydnone. 


2683 2-3108 1-1442 33 6663 2-3674 1-1423 81 
4389 2-3343 1-1436 53 8894 2-3989 1-1413 108 
Eg = 2-2723 + 14:23w,; v4, = 11455 — 0-48w,; m1, = nm, + 0°122w,; BP, = 52-1; oP, = 566-2; 
= 5-01 D. 

C-Chloro-N-phenylsydnone. 
1961 2-3170 1-1441 24 4501 —_ 1-1428 46 
3313 2-3487 — — 5694 2-4046 1-1421 56 
4032 2-3658 1-1431 46 
€1, = 2-2708 + 23-51w,; vyg = 1-1451 — 0-50w,; m1, = nm, + 0-086w,; EP, = 47:2; 2P, = 908-2; 

p = 6-49 D. : 

C-Bromo-N-phenylsydnone. 
6198 2-3882 1-1417 65 14440 2-5450 1-1340 142 
9702 2-4582 1-1395 105 18748 2-6258 1-1344 187 


E12 ‘2 2-2730 + 18-85w, ; Vie = 1-1452 — 0°57 ,W; Ni3 =n, oh 0-095w, ; EP, = 53-8; rP, = 896-8; 
p = 6-42 dD. 
N-Phenyl-C-methylsydnone. 
4057 2-3888 1-1438 46 11062 2-5780 1-1410 124 
6904 2-4679 1-1427 75 17597 —_ 1-1386 195 


Eis => 2-2802 + 26-97w, ; Vie = 1-1453 —_ 0-38,w.; N12 = nN, aa 0-11lw,; nP, = 50-9; aP, = 932-2; 
p = 6-57 D. 


N-cycloHexylsydnone.* 
First series. Second series. 
2923 2-3564 1-1438 11 1547 2-3183 1-1450 4 
6600 2-4655 1-1430 21 4923 2-4151 1-144] 15 
10898 -—~ 1-1420 32 6926 2-4729 1-1434 — 


E4q = 2-2725 + 29-03w,; v1, = 1-1450 — 0-26w, (8 and b are obtained by averaging the results of 
the first and the second series); ”,, = m, + 0-029w,; gP, = 46-8; 7P, = 964-1; p = 67D. 


* The dielectric constants of the N-cyclohexylsydnone solutions were observed to fall slowly with 
time, presumably as a result of some chemical change in the solute. They have therefore been extra- 
polated to the time of mixing. As a further precaution this sydnone was recrystallised (from benzene— 
cyclohexane) immediately before use. 


Electric Moments of Sydnones. 


Ref. E.,L., Ref. E., L., 
No. H.&S. LeF. No. H. & S. Le F. 
DR NNINEY (cctcccdsedacessous 6-48 6-53 (6) C-Chloro-N-pheny]l- ...... 6-49 — 
2) N-p-Tolyl- .........ce.eseee 6-89 a= (7) C-Bromo-N-phenyl-..... - 6-42 6-5 
3) N-f-Naphthyl- ............ -- 6-9 8) N-Phenyl-C-methyl- ... 6-57 6-6 
4) N-p-Chlorophenyl-......... 5-01 mo 9) N-cycloHexyl- ............ 6-7 a 
5) N-p-Bromophenyl- ...... — 5-13 (10) N-Benzyl- ..........s.00000s 6-27 6-1 * 


* Stated with some reserve because only a small quantity was available. 
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DISCUSSION. 


Our results show immediately (a) that the moment of the sydnone grouping is large and (b) 
that it is directed with its negative pole away from the benzene ring in the N-arylsydnones. 
We shall first calculate the magnitude and direction of this moment and later discuss it in the 
light of the suggestion that these molecules are resonance hybrids of highly polar forms. 

(A) The Direction of the Moment and the Geometry of the Molecule.—From the known moments 
of chlorobenzene (1°55 D.), toluene (0°4), and of the pairs of compounds differing only by para- 
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substitution (viz., 1 and 2; 1 and 4) it follows that the angle between the CIl-C,H, bond (see, 
e.g., Ann. Reports, 1935, 82, 126) and the moment of N-phenylsydnone is approximately 16° : 
this is also the angle between the Ph—-N bond and the moment (see Fig. 1). 

The N-phenylsydnone moment may be regarded as the resultant of a large moment in the 
plane of the sydnone ring, u,, and of a small one from the Ph-N bond. The latter is difficult to 
évaluate, but probably it is not more than 1-1 pD.* We know, moreover, that it acts at 16° to 
the gross moment. By vector subtraction we find (a) that py, = 5°5 D. (see Fig. 2) and (b) that 
it is inclined to the Ph—-N bond at about 20°. 
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Further, from the moments of N-phenyl-C-methyl-, -C-chloro-, or -C-bromo-compounds it is 
easy to calculate the angle between the C-X bond and the parent moment if we assume that the 
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moment C-X is that of the compound Ph-X. The justification for doing this is that the 
substitution moments in 4-chloropyridine and in y-picoline are 1-40 and 0°33 D., respectively, 


* The Ph-N moment in aniline, derived from the moments of this substance, of p-toluidine, and of 
toluene (cf. Sutton, Proc. Roy. Soc., 1931, A, 188, 668) is only 0-6 p. This, however, may not be relevant, 
because the nitrogen atom in the sydnones is in a different state : it is likely (see below) to havea partial 
formal positive charge arising from 7-bonding with the other atoms in the sydnone ring, and not to lend 
its electrons for w-bonding with the benzene ring. If we take Pauling’s assessment of the electro- 


negativity + of >N < as 0-3 more than that of >N—, and take the normal H,C-N moment as 0-86 (from 
trimethylamine), we find 1-16 D. as the maximum appropriate moment. 

If the formal charge were less than +e, the moment would be correspondingly less, and 1-1 p. would 
be a likely maximum. 
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indicating that they are much the same in other aromatic systems as they are in benzene. The 
angles so obtained are: from the C-methyl compound, 79°; from the C-chloro-compound, 83°; 
from the C-bromo-compound, 81°. One of these results is illustrated by a vector diagram 
(Fig. 3). Remembering now that in this diagram DA is the direction of the C-X bond and that 
CB in Fig. 1 is that of the Ph-N bond, we can, by making AB of these two diagrams coincide, 
find the angle between these directions. We must not forget, however, that our measurements 
do not tell us the angle between the two planes ABC and ABD, which may have any value from 
0° to 180°. Nevertheless, these extremes will give us limits between which the intervalency 
angle we seek should lie. Figs. 4 and 5 show that these limits are 65° and 97°. 
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Vector diagram. Molecular diagram. 
Interplanar angle 180°: 
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Vector diagram. Molecular diagram. 
Interplanar angle 0°. 


The predicted value for the simplest model based on the bond diagram assigned by organic 
chemists, viz., a regular pentagon with the radiating valencies coplanar, is 72°. The observed 
angle is therefore compatible with this structure; but it is to be hoped that the rather wide 
range of uncertainty can eventually be reduced. 

(B) The Magnitude of the Sydnone Group Moment and Earl’s Bicyclic Formula.—We have 
already estimated (Fig. 2) that the sydnone group has a moment of about 5°5 p. Such a high 
value is incompatible with Earl’s bicyclic formula (KX XIII), the moment of which we may 
calculate roughly by adding bond moments obtained by measurements on simple compounds. 


é 


(XX XIII.) _y’ \ —O —n’ \e-3 (XXXIV.) 
\ J \ I] 


- + 

Taking the following approximate values: pcg, 0°4(C — H); oy (long and short), 0°5; puyo, 
0°5; Uoo, 0°8; Uoeo, 2°4 D., and assuming the ring to be a regular pentagon, we calculate the 
vector resultant to be 2°0p. Some augmentation by resonance with a structure (XXXIV) 
might be expected, as in the case of the y-lactones where the calculated moment is 3-4 D. and the 
observed one is 4°2 p. (see Marsden and Sutton, J., 1936, 1383). The same amount of resonance 
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in the sydnones would still give a total moment of only 2°8p. We therefore conclude that the 
results cannot be satisfactorily explained by these bicyclic structures alone. 










The Sydnone Group explained as a Resonance Hybrid. 


(C) Interpretation of the Direction of the Moment and of the Geometry of the Molecule.—From 
Fig. 1, we saw that the moment of the N-phenylsydnone has its positive pole towards the phenyl 
group and its negative one towards the carbonyl group. As we shall show below, the direction 
of the moment of the sydnone ring itself is within 20° of the two-fold ring axis passing through 
the caudated nitrogen atom (N,, Fig. 7). The calculated direction of the moment for structure 
(XX XIII) lies within these limits. Therefore the comparison of directions provides no evidence 
against the Earl structure. But if, as the magnitude indicates so strongly, the actual structure 
is a hybrid, the observed direction shows that the contributing structures are likely to have their 
formal positive charges on the caudated nitrogen atom and negative ones on the carbonyl oxygen. 

These conclusions may be substantiated by an independent argument, as follows. Referring 
back to section (A), Fig. 2, we see that the sydnone group moment p, makes an angle of 20° with 
the Ph-N bond. We may visualise two extreme configurations (Fig. 6), viz., «, in which the 
Ph-N bond and the sydnone ring are coplanar so that the 20° angle lies in their plane in either 
one of the directions shown; and §, in which it is 20° out of the sydnone ring plane, the angle now 
being contained in a plane perpendicular to this ring. The truth probably lies between these 
extremes. 

In «, we should say of the nitrogen atom to which the phenyl group is attached that it is 
quadrivalent, positive, and has its valencies coplanar like those of ethylenic carbon. Configur- 
ation 8 would require contributions from structures with tervalent, formally neutral, pyramidal 
nitrogen, to an increasing degree as the angle between the Ph-N bond and the ring increases. 
Our results show that this angle cannot be greater than 20°,* whereas if the nitrogen were 
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wholly tervalent it should be ca. 53°. We may state confidently, therefore, that forms with 
planar nitrogen, probably having a formal positive charge, make important contributions to the 
hybrid. 

Of the dipolar and tetrapolar structures enumerated in the previous paper, those which 
satisfy the foregoing conditions are (IX), (X), (XI), (XII), (XV), (XVII), and (XVIII), with 
(XXI) and (XXII) as possibilities which, however, involve polarisation of the phenyl nucleus. 















.- ee H 


C 

ios 3s _v’ \c=o 
\y-4 Nx 
(XXXV,) (XXXVI) (XXXVIL) 





H 


c° C— Cc 
ie, He +/ \ / Ss 
—N oa) —N =O NN ¢-6 
Nit Sa \y = 
(XX XVIII.) (XX XIX.) (XL.) 








It must be added that there are polar bicyclic structures which also are satisfactory, viz., (XX XV), 
(XXXVI), (XX XIX), and (XL). In the current language of resonance theory these would be 


* This angle is sensitive to error in the moments, a change of 0-02 D. corresponding to 3°; and since 
the uncertainties in the moments of N- ‘phenylsydnone, of its p-chloro-derivative, and of chlorobenzene 
are probably all of the order of 0-01 D., the angle is not known to better than +5°. 
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described as first-excited structures; and if they are sufficiently numerous they are likely to be 
important as a group. 

The large number of possible structures makes this discussion very complex; but it is satis- 
factory that the conclusions from the arguments based on the geometry and on the magnitude 
are in harmony; and it may be remarked that the structures deemed “ satisfactory ’’ by these 
criteria are usually those with positive charges on the less electronegative atoms and negative 
charges on the more electronegative ones, i.e., those which on general energetic grounds are 
likely to be important. 

(D) The Magnitude of the Moment: Comparison with a Theoretical Value.—A more quanti- 
tative theoretical treatment has been made by Mr. C. H. Longuet-Higgins, who has calculated 
the distribution of r-electrons by the molecular-orbital method. By his kind consent we show 
his conclusions in Fig. 7. The differences between the actual and the “ initial ” distribution of 
these electrons give the formal charges, which are therefore: on N, +0°73, on N, —0°34, on 
O, +0°33, on O, —0°88, on C, —0°03, and on C, +0°19. 


Fic. 7. 
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It is clear that this calculation is in good qualitative agreement with the conclusionspreviously 
reached; and that we could say that there is a major contribution from structure (IX) and 
lesser ones from (X) and (XII). The tetrapolar structure (XVII) probably contributes, and so 
may the excited structures (K XXIV), (XXXV), and (XXXIX). The ring being assumed to be, 
to a sufficient approximation, a regular pentagon, it is easy to calculate the magnitude and 
direction of the z-electron moment, using the above charges; and roughly to do the same, using 
the bond values already quoted, for the c-bond moment. These are 12°2 p. and 1°3 p., making 
angles of + 10° and —68° with the direction N,—O, (Fig. 7)). From the latter, and from the total 
observed moment, if we know its direction as well as its magnitude, the ‘‘ observed ”’ n-electron 
dipole moment can be calculated. This direction cannot, as we have seen, be ascribed with 
certainty; but we can give probable limits relative to the ring framework and, using these, the 
magnitude of the required moment is found to be 4°6—5-4p. It is, therefore, only about 
two-fifths of the calculated value. This discrepancy between calculated and observed values 
is of some general importance. 

There are two points at issue: (a) Is the calculation of formal charges correct? (b) Can 
such a calculation give the effective nx-electron dipole moment? Concerning (a), it seems 
generally agreed that the simple form of calculation will exaggerate the charges. Concerning 
(b), it seems possible that the field of the formal charges will polarise the c-bonds and unshared 
electrons in such a way as to reduce the total moment, so that the effective x-electron moment 
is less than the calculated one. This latter possibility has previously been recognised (Sutton, 
Trans. Faraday Soc., 1934, 30, 789) but not properly investigated. 

Dr. J. A. Barltrop and the present authors have attempted a direct attack by extending and 
augmenting the work:of Edsall and Wyman (J. Amer. Chem. Soc., 1935, 57, 1964) to obtain the 

H, H, moment of a betaine in benzene solution. This will be described more 
H S—CH.CO-O fully in separate communication, but the essential result is that the 

. ‘ moment of (XLI), viz., N-amylpiperidinium betaine, is about 6°0pD., 

2 H, Am which is about two-fifths of the value of 15 or 16 calculated simply from 

(XLL) formal charges. The ratio is much the same as for the sydnones. This 

may indicate that the polarisation effect is the more important. (However, Edsall and Wyman, 
loc. cit., postulate distortion of the molecule.) 

(E) Resonance between Sydnone and Other Aromatic Rings : Induced Moments.—In the course 
of the measurements on N-cyclohexylsydnone, it was observed that the dielectric constant 
readings fell slowly with time (see p. 748). There were slight signs of this in the most concentrated 
solutions of N-benzylsydnone also; but no trouble was encountered with the N-arylsydnones. 
There is, therefore, an indication that the sydnone and the benzene ring are conjugated, which is 
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supported by the dipole-moment evidence. The moment of the N-phenyl compound is 0°22 p. 
less than that of the N-cyclohexyl compound, which would agree with there being small contri- 
butions from such structures as (XXII). However, Earl, Leake, and Le Févre (J., 1948, 2269) 
believe that the difference can be explained by induction. They have pointed out that moments 
induced in the substituent on the nitrogen atom (1) will always augment the sydnone ring 
moment, so that the larger the polarisation of this group the larger the total moment is likely 
to be. They then observe that the order of moments, N-phenylsydnone 6°48 or 6°53 (1), 
N-cyclohexylsydnone 6°70 (9), and N-8-naphthylsydnone 6°9 (3), is also the order of the 
molecular refractivities of benzene, cyclohexane, and naphthalene, viz., 26:2, 27°7, and 44°4. 

Having these values in mind, however, it seems that the difference of moment between (1) 
and (9) is disproportionately large compared with that between (1) and (3), which suggests that 
polarisability alone does not account for the changes. It must be conceded that to explain the 
moment of (3) while retaining the hypothesis of a mesomeric moment we must suppose either 
that there is a large induced moment which swamps it, or that it is opposite to that in the 
N-phenylsydnone. 

Earl et al. accounted for the moment of the N-benzylsydnone (6-1—6-27) by comparing it 
with N-phenylsydnone and taking account of the fact that the benzene ring is more remote from 
the polarising dipole in the former than in the latter. If we start from N-cyclohexylsydnone, 
and allow 0°4 p. for the moment of the benzyl group (positive pole on the CH, group), we find 
that the moment of N-benzylsydnone should be 6°56 p. The difference between this and the 
observed value may be a measure of the difference of the induced moment in this compound 
and in the N-cyclohexyl one. 
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co-operation; and the Department of Scientific and Industrial Research for a research grant, and 
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460. Molecular Polarisation and Molecular Interaction. Part I. The 
Apparent Dipole Moments of Aniline, Methylaniline, and Dimethyl- 
aniline in Benzene and 1: 4-Dioxan Solutions. 


By A. V. Few and J. W. Situ. 


From measurements of the dielectric constants, refractive indices, and specific volumes of 
dilute solutions, the apparent molecular polarisations at infinite dilution (P,,,) and molecular 
refraction ([Rp]) of aniline, methylaniline, and dimethylaniline in benzene and 1 : 4-dioxan 
solutions at 25° have been determined. For aniline and methylaniline the values of P,,, are 
much greater in 1 : 4-dioxan than in benzene, whilst with dimethylaniline the difference is much 
smaller. These effects are attributable to the formation of hydrogen bonds between the 
amino-hydrogen atoms and an oxygen atom of the dioxan molecule, with resulting modification 
of the charge distribution. The values of [Rp] for aniline and methylaniline are also slightly 
higher in 1 : 4-dioxan than in benzene solution or in the pure liquids. Assuming the total 
distortion polarisation to be 1-05[Rp], the apparent dipole moments in benzene and | : 4-dioxan, 
respectively, are found to be: aniline, 1-505 and 1-750; methylaniline, 1-643 and 1-833; and 
dimethylaniline, 1-577 and 1-633 p. The value for aniline in benzene solution is slightly lower 
than observed by other investigators at 20°. 


Tue molecular polarisation and apparent dipole moments of amines in solution present an 
interesting problem in that, in these molecules, the axis of the dipole is inclined at an angle to 
the axis of maximum polarisability. Hence, according to the theories of Raman and Krishnan 
(Proc. Roy. Soc., 1928, A, 117, 589), Frank (ibid., 1936, A, 152, 171), and Higasi (Sci. Pap. Inst. 
Phys. Chem. Res. Japan, 1936, 28, 284) they should show only a slight negative or a positive 
solvent effect. 

The apparent dipole moment of aniline in various solvents has been studied previously by 
Hogjendahl (Thesis, Copenhagen, 1928), Hassel and Uhl (Z. physikal. Chem., 1930, B, 8, 193), 
Tiganik (ibid., 1931, B, 14, 139), Cowley and Partington (J., 1938, 1598), Le Févre and Le Févre 
(J., 1936, 1136), Higasi (Bull. Inst. Phys. Chem. Res. Japan, 1934, 18, 1167), Vassiliev and 
Sirkin (Acta Physicochim. U.R.S.S., 1941, 14, 414), Kumler and Halverstadt (J. Amer. Chem. 
Soc., 1941, 68, 2182), and Emblem and McDowell (J., 1946, 641). Methyl- and dimethyl-aniline 
have been investigated in benzene solution only by Fogelberg and Williams (Physikal. Z., 1931, 
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82, 27). Recorded data for the molecular polarisations at infinite dilution (P,,, ), the electronic 
polarisation (Pg) measured or assumed by each investigator, the value taken for the total 
distortion polarisation (Pg,,), and the orientation polarisation (P,) and apparent dipole 
moment (u) deduced from these results are summarised in Table I, which also includes, for 
comparison purposes, the results for gaseous aniline and dimethylaniline recorded by Groves and 
Sugden (J., 1937, 1782). 


TABLE I. 
Pens Px, Pxya, Py, 
Solvent. Temp. Observers. C.c. C.c. C.C. c.c. pt, D 
Aniline. 
OE pacanensacae 186° Groves and Sugden 61-5 30-6 32-1 29-4 1-48 
Benzene ...... 18 Hassel and Uhl 81-6 30-6 30-6 51-0 1-55 
20 Tiganik 79-7 30-6 30-6 49-1 1-52 
Cowley and Partington 80-0 30°6 30-6 49-4 1-53 
Emblem and McDowell 81-91 30-66 32-20 49-7 1-54 
25 Hojendahl 76-0 29-0 29-0 47-0 1-51 
Le Févre and Le Févre 78-4 31 31. 47-4 1-51 
Higasi 80-0 30-6 30-6 49-4 1-54 
Vassiliev and Sirkin — —_ — — 1-54 
Hexane ......... 20 Cowley and Partington 77-0 30-6 30-6 46-4 1-48 
25 Higasi 776 30-6 30-6 47-0 1-50 
cycloHexane ... 20 Cowley and Partington 717-4 30-6 30-6 46-8 1-49 
OD ccesttens 20 Cowley and Partington 79-5 30-6 30-6 48-9 1-52 
DIOEER occccocee 25 Vassiliev and Sirkin — aad —_ —_ 1-77 
Kumler and Halverstadt 106 31 31 75 1-90 
do. (recalc.) 93-4 31 31 62-4 1-73 
Diethyl] ether... 20 Higasi 89-4 30-6 30-6 58-8 1-67 
Methylaniline. 
Benzene ...... 25 Fogelberg and Williams 93 36 36 57 1-64 
Dimethylaniline. 
SAE eartesensece 282 Groves and Sugden 78-0 40:8 42-8 35-2 1-61 
Benzene ...... Hojendahl — — —_ —_ 1-39 
25 Fogelberg and Williams 94 41 41 53 1-58 


In the case of aniline in benzene the lack of accord is considerable, the values of » reported 
ranging from 1°51 to 1°54p. The divergence between the results is even greater than is 
suggested by these figures, since the observers who obtained the highest value made allowances 
for atomic polarisation which had not been included in computing the lower values. 

From their investigations on solutions in 1: 4-dioxan, Kumler and Halverstadt initially 
reported the value of P,,, , as derived by extrapolation of the values of P, to infinite dilution, as 
106 c.c., leading to p = 1°90 D., but these figures were later modified by them on the basis of 
their method of computation in which both the dielectric constant and the specific volume of the 
solutions were assumed to vary linearly with the weight-fraction of solute present. This 
change, which brought the value of » more closely in accord with the measurements of Vassiliev 
and Sirkin, was made, however, at the cost of assuming that the true dielectric constant of the 
dioxan used relative to the values for the solvent differed from their measured value by no less 
than 0°0025. No actual data obtained by Vassiliev and Sirkin appear to be available, the 
publication quoting only the final moment deduced. 

It may be inferred from the results, however, that the value of » in hydrocarbon solvents is 
about equal to or slightly greater than for the gas phase, but that p has much higher values in 
ether and in 1 : 4-dioxan solutions. Such high values would not be anticipated on the basis of 
normal “ solvent effects ” alone, so Vassiliev and Sirkin attributed the high value for dioxan 
solutions to the formation of complexes through hydrogen bonding. 

No other data for the direct comparison of the apparent molecular polarisations of amines in 
oxygen-containing solvents with those in hydrocarbon solvents are available. It seems most 
probable, however, that the high values observed with aniline in the former class of solvent are 
due to hydrogen bonding between the hydrogen atoms of the amino-group and the donor oxygen 
atoms of solvent molecules, an effect which would give rise both to a lengthening of the N-H 
bond and a polarisation of the solvent molecule. The high value is therefore best regarded as 
due to an “interaction polarisation” in which the contributions of the solute and solvent 
molecules are inseparable. If these views are correct it would be anticipated that (a) there 
should also be a small increase in the apparent molecular refraction of aniline in solvents 
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containing electron-donor atoms, and (b) the interaction polarisation would be decreased 
progressively when the amino-hydrogen atoms of the aniline molecule are successively replaced 
by methyl groups, the hydrogen atoms of which are less likely to engage in hydrogen bonding. 

No data were available to test either of these inferences and therefore, in view of the 
uncertain character of the figures for aniline solutions, the dielectric constants, refractive 
indices, and specific volumes of dilute solutions of aniline, methylaniline, and dimethylaniline in 
benzene and 1 : 4-dioxan have been measured at 25°, and the values of the apparent molecular 
polarisations and apparent dipole moments deduced. 


EXPERIMENTAL. 


Materials.—Benzene (commercial “ crystallisable ’’ grade) was shaken with sulphuric acid, washed 
twice each with water and with 5% aqueous potassium hydroxide, and then further washed four times 
with water. After drying over phosphoric oxide it was fractionally crystallised until it formed a glassy 
crystalline mass on freezing, and after drying again over phosphoric oxide it was distilled from this 
reagent through a 20-plate all-glass fractionating column. The middle fraction was of constant b. p. 
within 0-01° and had 435° 0-8737,, n}" 1-4981. 

1 : 4-Dioxan (commercial ‘‘ purissimus ’’ grade) was purified by the method of Eigenberger (J. pr. 
Chem., 1931, 180, 75) by refluxing during 12 hours with N-hydrochloric acid whilst a stream of nitrogen 
was passed through it to remove aldehydes. The product was dried with two successive portions of 
potassium hydroxide pellets and then refluxed with sodium until the latter remained bright. It was 
finally fractionally crystallised once and distilled from sodium through the 20-plate column; the middle 
fraction of constant b. p. within 0-01° had 42° 1-0280, n3°° 1-4202. 

Amines. Pure commercial samples were dissolved in 40% sulphuric acid and free from non-basic 
material by passing steam through the solution during 1 hour, after which the base was liberated by 
addition of sodium hydroxide, steam-distilled, and dried over potassium hydroxide pellets. 

Aniline was then twice distilled from zinc dust at 20 mm., dried with freshly prepared barium oxide, 
TC gg | a from a fresh sample of barium oxide in an all-glass apparatus at 20 mm.; 433° 1-0174 

.C.T., 1-0173,). 

The methylaniline gave no positive tests for primary or tertiary amines. It was further distilled at 
atmospheric pressure, dried over barium oxide, and finally distilled from freshly prepared barium oxide 
-* nitrogen at 20 mm., the product being collected and stored under nitrogen in sealed containers ; 

3° 0-9832,. 

: Dimethylaniline. To ensure the absence of primary and secondary amines the dimethylaniline was 
further purified by the method of Brand and Krantz (J. pr. Chem., 1927, 115, 143). The dried base was 
distilled with acetic anhydride, and the fraction boiling at 185—190° consisted of dimethylaniline 
together with a trace of acetic anhydride. The product was washed five times with water and dried 
first with potassium hydroxide pellets and then with barium oxide. It was finally distilled and stored 
in the same manner as the methylaniline; 435° 0-9519,. 

Experimental Methods.—Dielectric constants. These were determined with a heterodyne-beat 
apparatus, designed in conjunction with Mr. L. B. Witten, which will be described in another 
communication. By using a substitution technique the capacity of the cell containing the liquid under 
examination was compared directly with a Sullivan standard variable air condenser, thereby eliminating 
errors due to frequency drift. The dielectric cell, of a modified Sayce and Briscoe type, had a capacity 
of — 100 ppF. when filled with air, and measurements were made at a frequency of 10* cycles per 
second. 

Refractive indices. These were measured with a Pulfrich refractometer, water from a thermostat 
being circulated rapidly through the heating block, whilst the liquid under test was pre-heated to the 
measurement temperature before introduction into the cell. 

peg volumes. These were determined with a 15-c.c. pyknometer, of a modified Sprengel type, 
fi with ground-glass caps. All weights were corrected for buoyancy. 

All the measurements were made at 25° + 0-002°. 

Calculation of Apparent Molecular Polarisation at Infinite Dilution, Molecular Refraction, and 
Apparent Dipole Moment.—The values of P, were derived by the method (Smith and Cleverdon, Trans. 
Faraday Soc., 1949, 45, 109) wherein the dielectric constant (¢,,) of the solution is assumed to vary with 
the weight-fraction (w,) of solute present according to the relation Ae = ¢,, — ¢, = aw, + a’w,?. 
Particularly in the case of aniline in benzene, the number of measurements were sufficient to permit a 
rough statistical treatment in which the solutions were divided into three groups, permitting the 
derivation of the values of €,, a, and a’. This procedure has the advantage that it places no greater 
weight on the actual measurement made on the pure solvent than on any other measurement, whereas 
the usual methods depend very critically on the accuracy of this measurement. The results for the 
solutions in benzene showed that within experimental error the specific volume (29) of the solutions 
varied linearly with w,, but with the dioxan solutions this was not the case, and the value of f, the 
ae value of dv,,/dw, at infinite dilution, had to be derived by the same treatment as used in 

etermining a. 

From the values of the eters a and 8 so derived, P,,, was calculated by the relationship 
Pao = Moho = My X 3av,/(e, + 2)* + (v, + B)(e, — 1)/(e; + 2). The figures obtained in this way 
were checked by extrapolation of the curve produced by plotting the values of P, calculated for each 
concentration against the molar fraction of solute present, and of the best straight line through the 
points obtained by plotting P, against the volume J oer ane gees (Erg — 1)/(€1g + 2). Each of these 
methods led to values in good agreement with those derived from the parameters, but with a greater 
degree of uncertainty. 

The molecular refraction of the solute ([Rp]) appeared to be constant over the concentration ranges 
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studied, so its mean value was deduced as M,[r, + X(7,_, — r,)/Zw,], where y = specific refraction. 
This method is more satisfactory than averaging the [Rp], values for each solution, as in the latter case 
too great weight is placed upon the values for low concentrations, where the possible error is considerable. 

In computing P, and p» the total distortion polarisation Pg , 4 was taken as 1-05[Rp). 

Results.—The results obtained, together with the values of Ae/w, and Av/w, for each solution, are 
recorded in Table II, whilst the parameters deduced and the values of P,,,, [Rp], Pu, and derived from 
them are given in Table III. The figures given under Ae (calc.) and Av (calc.) in Table II are derived by 
means of the parameters and confirm that the empirical relationships containing them represent the 
behaviour of the systems within the limits of experimental error. 


TABLE III. 
Polarisation data. 


P. 20? > BH, 
a. a’. B. p’. c.c. [Rp]. c.c. D. 
PRG TE TIED veces sccccccsccssccecece 2-933 1-77 —0-1720 — 78-35 30-70 46-12 1-505 
Aniline in 1 : 4-dioxan( I) ............... 4520 0-32 —0-0127 0-023 95-11 30-92 62-64 1-750 
m “ —_ errren 4510 0-40 —0-0131 0-023 94-93 30-92 62-46 1-748 
Methylaniline in benzene ............... 3025 1:12 —0-1348 — 93-20 35-81 55-20 1-643 
Methylaniline in 1 : 4-dioxan............ 4-271 0-15 +0-0421 0-006 106-72 36-23 68-68 1-833 
Dimethylaniline in benzene ............ 2-465 046 —00953 — 94-06 41:17 50-83 1-577 
Dimethylaniline in 1 : 4-dioxan ...... 3-054 0-15 +0-0839 0-018 97-79 41-21 54-52 1-633 
TABLE IV. 
Analysis of Previous Measurements on Solutions in Benzene. 
Ae Av 
W, X 10°. E19. V4>. Ae. Ae/wy. Av. Avu/w,. (calc.). (calc.). 
Aniline. 
Tiganik (20°). 
0-0000 2-2825 1-1389 — cos — — — —— 
0-6752 2-3031 1-378 0-0206 3-05 —0-0011 —0°16 0-0206 —0-00115 
1-1961 2-3191 1-1369 0-0366 3-06 —0-0020 —0°17 0-0368 —0-00204 
2.5446 2-3609 1-1346 0-0784 3-08 —0-0043 —0°17 0-0784 —0-00435 
48982 2-4352 11304 0-1527 3-117 —0-0085 —0°172 0°1527 —0-00835 
Cowley and Partington (20°). 
00000 2-281 1-1378 — — — -—- — — 
1-3687 2-323 1-1355 0-042 3-06 —0-0023 —0°17 0-0419 —0-00233 
2-6614 2-363 1-1333 0-082 3-08 —0-0045 —0°17 0-0820 —0-00453 
39416 2-403 1-1313 0-122 3-09 —0-0065 —0-17 0-1222 —0-00672 
52725 2-445 1-1290 0-164 3-11 —0-0088 —0°166 0-1646 —0-00899 
Emblem and McDowell (20°). 
6-126 2-480 1-1280 0-199 3-25 —0-0098 —0°16 0-1920 —0-0104 
7-374 2-512 1-1270 0-231 3-13 —0-0108 —0-15 0-2326 —0-0126 
18-550 2-872 1-1059 0-591 3-19 —0-0319 —0-°172 0-6169 —0-0316 
Le Févre and Le Févre (25°). 
0-000 2-2725 1-1444 — one _ —_ —_ — 
2-460 2-3448 1-1401 0-0723 2-94 —0-0043 —0°17 0-0732 —0-00423 
3-182 2-3658 1-1389 0-0933 2-93 —0-0055 —0°17 0-0951 —0-00547 
4:357 2-4036 1-1368 0-1311 3-01 —0-0076 —0°175 0-1311 —0-00749 
Higasi (25°). 
0-000 2-273 1-1453 —_ —_ — — — —- 
2-133 2-338 1-1416 0-065 3-05 —0-0037 —0°17 0-0634 —0-00367 
4-556 2-413 1-1374 0-140 3-07 —0-0078 —0°173 0-1373 —0-00784 
8-560 2-539 1-1305 0-266 3-11 —0-0147 —0-173 0-2641 —0-01472 
Methylaniline. 
Fogelberg and Williams (25°). 
0-000 2-276 1-1448 — — — — — os 
0-452 2-290 1-1442 0-014 3-1 —0-0006 —0-°13 0-0127 —0-00061 
1-135 2-310 1-1432 0-034 3-0 —0-0016 —0°14 0°0345 —0-00153 
2-236 2-344 1-1418 0-068 3-0 —0-0030 —0°13 0-0682 —0-00301 
3-317 2-376 1-1402 0-100 3-01 —0-0046 —0-14 0-1016 —0-00448 
Dimethylaniline. 
Fogelberg and Williams (25°). 
0-000 2-276 1-1448 — _ — —_— — — 
0-449 2-287 1-1444 0-011 2-4 —0-0004 —0-09 0-0111 —0-00043° 
1-143 2-304 1-1438 0-028 2-4 —0-0010 —0-09 0-0282 —0-00109 
2-216 2-331 11429 0-055 2-5 —0-0019 —0-09 0-0555 —0-00211 
3-312 2-358 1-1416 0-082 2-5 —0-0032 —0-01 0-0821 —0-00316 
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The two series of measurements for solutions of aniline in benzene were made upon materials from 
different sources, but the results are in close accord with one another. Two series of measurement were 
also made with 1 : 4-dioxan as solvent, but in the one case the solvent was freshly dried and redistilled 
immediately before use whereas for the second series it had been kept in a stoppered bottle. Although 
the densities of the two specimens were almost identical, there was an appreciable difference between 
their dielectric constants at 25°, that of the freshly distilled sample (relative to benzene = 2-2725 at 25°) 
being 2-2037, in accord with the value 2-2038 + 0-0002 which has been found consistently in these 
laboratories for pure dry 1 : 4-dioxan. The higher value for the other sample is attributable to traces of 
moisture absorbed during storage. The values of P, for aniline in the two samples differ only slightly, 
and the two values pape one another even more closely if, as is indicated by a rough statistical 
treatment, the values of e, are about 0-0002 too low in the first series and the same amount too high in the 
second series relative to the values for the solutions. The measurements on methylaniline and dimethyl- 
aniline were all conducted with freshly dried and distilled solvent. 

Comparison with Previous Measurements.—Previous results for benzene solutions are analysed in 
Table IV, which includes the values of €,, reported by the investigators, together with the values of w, 
and v,, calculated from their concentration and density figures and the derived data by which comparison 
can be made. Cowley and Partington expressed ¢,, to three decimal places only, but their values for 
aniline solutions all lie, within possible experimental error, on the curve indicated by the results of 
Tiganik, viz., Ae = 3-043w, + 1-5w,*. This, together with B = —0-1705, leads to P,,, = 79-80 c.c., and 
if this is combined with Pg.4 = 32-23 c.c., Py = 47-57 c.c. and p= 1512p. The difference between 
this last figure and the value obtained at 25° in the present investigation seems to be outside the 
experimental error of either series of measurements. 

The values of Ae (calc.) and Av (calc.) in Table IV are derived from the above relations and the 
relations deduced from the present investigation, for the measurements at 20° and 25°, respectively. 

The results of Emblem and McDowell are difficult to analyse, as they give no data for the 
characteristics of the pure benzene; the values used in these calculations are those found by Cowley and 
Partington, but comparison with the other available data suggests that their dielectric constant values 
may be in error in the second decimal place and their densities in the third place. 

The results of Le Févre and Le Févre at 25° are in reasonable agreement with those of the present 
investigation, but the Ae values found by Higasi are higher than would be expected; they suggest, in 
fact, that the value taken for ¢, is about 0-002 unit low relative to the values of ¢,, for the solutions. 
On the other hand the density data accord well with the present measurements. The early measurements 
of Hejendahl do not appear to have been very exact and are not included in this analysis, 

The measurements of Fogelberg and Williams on benzene solutions of methyl- and dimethyl-aniline 
are in very good agreement with those now reported, although, as they expressed their dielectric constants 
to three decimal places only, the accord of the values of » deduced from the two series of measurements is 
a little fortuitous. 

The results of Kumler and Halverstadt for solutions of aniline in 1: 4-dioxan fall almost into line 
with the present series if the dielectric-constant values of their pure solvent and their first solution were 
0-0012 too low, and 0-0010 too high, respectively, relative to the figures for the other solutions. 


DISCUSSION. 


The results confirm that the molecular polarisation of aniline is much higher in 1 : 4-dioxan 
solution than in benzene solution, and show that a similar difference exists also with methyl- 
aniline, whereas with dimethylaniline the difference is relatively small. These observations 
support the view that in aniline and methylaniline solutions hydrogen bonding occurs between 
the amino-hydrogen atoms and the oxygen atoms of the 1: 4-dioxan molecule. The slight 
difference between the molecular polarisation values of dimethylaniline in the two solvents is 
slightly greater than is normally encountered on. passing from one solvent to another of almost 
equal dielectric constant, and may be associated with a tendency for hydrogen bonding 
between the activated para-hydrogen atom of the solute and the oxygen atoms of the 1 : 4-dioxan 
molecules. There is also evidence of a small increase in the molecular refractions of aniline and 
methylaniline on passing from benzene to dioxan solutions. 

The apparent specific volumes of the amines in benzene solution, as given by the v, + 8 
terms, are in each case lower than the specific volumes of the pure liquids, the difference 
decreasing in the order aniline, methylaniline, dimethylaniliné. For aniline, the value in 
1 ; 4-dioxan is much lower than in benzene, whereas with the other amines the values are higher 
in dioxan, that of dimethylaniline being greater than the specific volume of the pure liquid. 
The results of Cowley and Partington (loc. cit.) indicate that the apparent specific volumes of 
aniline in benzene, hexane, and cyclohexane at 20° are about 0°967, 0°963, and 1°031, respectively, 
as compared with 0°9787 for pure aniline at the same temperature. 

A further point of interest is that the apparent molecular polarisation in each case decreases 
with increasing concentration, i.e., with increasing dielectric constant of the medium. The 
measurements have not been extended to sufficiently high concentrations to determine whether 
this increase is strictly linear with f,, w,, or (€;, — 1)/(e,, + 2), but, in the cases of aniline 
and methylaniline the rate of decrease with each of these functions is much more rapid in 
1: 4-dioxan than in benzene. The decrease with increasing concentration with aniline is 
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surprising in view of the fact that the apparent dipole moment is actually slightly greater than 
the gas value, and it suggests that the change in P, observed is not an effect attributable to the 
dielectric constant of the medium alone. 


The authors wish to express their indebtedness to the Imperial Chemical Industries Limited for the 
loan of a precision variable condenser, to the Dixon and Central Research Funds of the University 
of London for grants for the —_——_ of equipment, and to the Department of Scientific and Industrial 
Research for a Maintenance Grant to one of them (A. V.F.). They are also grateful to Dr. J. Kenyon, 
F.R.S., for many valuable discussions. 
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161. The Thermochemistry of Solutions. Part VII. The Heats of 
Ionisation of Some Substituted Ammonium Ions. 


By D. L. Levi, W. S. McEwan, and J. H. WoLFENDEN. 


The heats of ionisation of the anilinium, benzylammonium, mono-2-hydroxyethylammonium, 
a-picolinium, and pyridinium ions have been measured calorimetrically at 10°, 20°, and 30°. 
The entropy and heat-capacity changes on ionisation have been calculated; the latter is 
unmistakably temperature-dependent in the case of the benzylammonium, a-picolinium, and 
pyridinium ions. 


THE object of the present paper is to present concisely the results of a series of thermochemical 
measurements made in 1939—1941 on the ionisation of some positively charged acids of the 
substituted ammonium type. The energy changes associated with the “ isoelectric ” ionisation 
of such acids constitute one of the more puzzling chapters in the thermodynamics of acid—base 
equilibria (see, e.g., Baughan, J. Chem. Physics, 1939, 7, 951; Everett and Wynne-Jones, Trans. 
Faraday Soc., 1939, 35, 1380; Proc. Roy. Soc., 1941, A, 177, 499), and it is hoped that the 
thermochemical data below will amplify the somewhat limited body of quantitative information 
on which theoretical interpretations must be based. 

The calorimeter and general technique previously described (Askew eé al., J., 1934, 1362; 
Cottrell et al., J., (1948, 1019) were used. The heat evolved on the addition of hydrochloric acid 
to a solution of the amine was measured, the reverse of the process of ionisation. To prevent 
distillation of amine into the acid before the solutions were mixed, the inner compartment of the 
calorimeter (containing the amine) was covered with a film of vaselined cellophane, which was 
forced off when rotation of the calorimeter began. With the stronger bases (benzylamine and 
2-hydroxyethylamine) precautions were necessary to eliminate errors due to the absorption 
of carbon dioxide by the amine, and to the heat evolved by the addition of protons to the 
significant concentration of hydroxyl ions in the solutions of such amines. The former error 
was eliminated by mixing an adequate excess of amine with the acid, and the latter by computing 
the heat evolution (of the order of 0°3% of the total), attributable to this side reaction. 

The values of AH, in Table I correspond to the reaction BH*+ —-> B + Ht, which is the 
reverse of the process carried out in the calorimeter. The concentration of the reactant solutions 





TABLE I, 
Base, HCl, AH, (cals. /mole). AC, (cals. /°c.). 
Ion. (moles/l.). "10°. 20°. 30°. 10—20°. 20—30°. 
BR, cicinnecisrdcronndatcrncaves 0-06 0-054 + 7,490 + 7,370 + 7,180 —12 —19 
Benzylammonium ..»............ 0-06 0-056 +43,160 +13,180 +12,995 + 2 —18 
2-Hydroxyethylammonium ... 0-06 0-054 +11,965 +12,050 +12,090 + 8 +4 
PP IEIEE Sicevnsssownssevcscseics 0-05 0-056 + 5,930 + 6,075 + 6,115 +14 +4 
PPM. se sccccccescesegnesesec 0-05 0-056 + 4,130 + 4,640 + 4,800 +651 +16 


is also tabulated; the heat-content changes have not been corrected to infinite dilution, partly 
because of lack of heat of dilution data, and partly because both the limited experimental data 
(Streeck, Z. physikal. Chem., 1934, A, 169, 103) and the theoretical correction on the basis of the 
Debye and Huckel limiting law (Jackson e¢ al., J., 1934, 1376) indicate that the correction is 
small and unlikely to exceed —40 calories per mole. Most values are the mean of at least four 
determinations, and none is based on less than three concordant results; the value of 0°995 has 
been assumed for the specific heat of the resultant solution in every case. The probable error 
of the mean values quoted is always less than 20 calories, but the absolute value of the heat of 
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ionisation is subject to a further uncertainty amounting to +0°5%, owing to possible systematic 
errors in the heat capacity of solutions and calorimeter, and in the concentration of the solutions 
used. These systematic errors will not affect the values of AC, and it is believed that the 
upper limit of uncertainty in these values is +4 cals. /°c. 

If the correction to infinite dilution is neglected, values of AH, at 25°, interpolated from the 
above data, can be combined with the thermodynamic dissociation constants of the ions concerned 
at 25° to compute the entropy change on ionisation at infinite dilution at that temperature. 
The uncertainty introduced by the approximation is probably no greater than that associated 
with the dissociation constants of at least some of the ions concerned (notably the a-picolinium 
ion) and the entropies of ionisation in Table II are probably well within one calorie/°K. of the 
true values. 


TABLE II. 
Ion. . RK. AG oo8. AH ios. ASooe. 
PI. cscaicashidseesndscinereiapiowennene 2-54 x 10°51 + 6,265 + 7,276 +3-4 
EID, sicccrccseesccccccsscscores 4:26 x 1971°2 +12,777 +13,087 +10 
2-Hydroxyethylammonium ............... 3-55 x 107103 +12,882 _ +12,070 —2-7 
IEE | Gictsntatiendssdebhustocbeonttautt 9-6 x 1074 + 8,210 + 6,095 —7-0 
IE asc 0ctcersiminepectcsecseenapennnesé 4-94 x 10°*5 + 17,234 + 4,721 —8-4 


1 Pedersen, K. Danske Vidensk. Selskab. Skr., 1937, 14, 9. * Carothers, Bickford, and Hurwitz, 
J. Amer. Chem. Soc., 1927, 49, 2908. * Glasstone, J. Amer. Chem. Soc., 1947, 69, 1213. * Guzman 
Barron, J]. Biol. Chem., 1937, 121, 313. * Hahn and Klockmann, Z. physikal. Chem., 1930, A, 146, 373. 


Discussion.—Little information is available with which the results tabulated above can be 
compared. In the first place, apart from very early calorimetric measurements at high concen- 
trations, the anilinium and pyridinium ions are the only ones for which heats of ionisation can 
be calculated (from potentiometric data over a range of temperature). In the second place, 
even where accurate free-energy data are available, the process of differentiation (once for 
heat-content change and twice for heat-capacity change) is prone to lead to unreliable results, 
particularly where AC, is significantly temperature-dependent. 

For aniline, Pedersen (loc. cit.) obtained values of the dissociation constant at 15°, 25°, and 
35°, with results indicating that AH° for the ionisation of the anilinium ion is independent of 
temperature over this range and equal to + 7105 calories, a value which is not very different from 
our value at 30°. The apparent temperature-independence of the heat of ionisation is in sharp 
conflict with our results, but it is doubtful if much weight can be attached to a value of AC, 
based upon free-energy data at only three temperatures. The potentiometric data of Hahn 
and Klockmann (loc. cit.) for pyridine cover a wider temperature range. However, the thermo- 
chemical values they have derived from their results are open to objection on grounds of internal 
consistency since they indicate for the basic ionisation of pyridine values of AC, of 
+66 calories/°c. between 17°5° and 22°5°, and of —6 calories/°c. between 22°5° and 27°5°, 
whereas the basic dissociation constant is said to fit best an equation implying a temperature- 
independent value of AC, of +36 calories/°c. A careful graphical analysis of their results 
suggests that they are compatible with a fairly wide range of values for the heat of dissociation 
of the pyridinium ion and indicate a value probably within 200—300 calories of 4000 at 25°. 

The most significant aspect of these results is perhaps the conclusion that in the ionisation 
of at least three of the five ions studied, AC, is definitely temperature-dependent; for such 
ionisation processes precise free-energy data over a wide temperature range will be the only 
adequate source of thermochemical data comparable in accuracy with those available 
by calorimetry. The correlation of the thermodynamic values with structure and the nature 
of the ionisation process must await the accumulation of experimental results for a wider range 
of substances. 


We wish to thank Mr. G. W. Drake for making a number of measurements which the exigencies of 
war prevented one of us from completing. 
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162. Replacement of the Diazonium by the Azido Growp in 
Acid Solution. 


By HERBERT H. Hopcson and W. H. H. Norris. 


A rapid method is described for obtaining steam-volatile aryl azides in excellent yields from 
aryldiazonium sulphates by reaction with hydroxylamine sulphate in sulphuric—acetic acid 
medium. 


ARYL azides had been prepared in major yield by the action of ammonia on aryldiazonium 
perbromides (Griess, Annalen, 1866, 187, 81), and also by reaction of aryldiazonium salts with 
hydroxylamine (Mai, Ber., 1892, 25, 373; 1893, 26, 1271; cf. also Forster and Fierz, J., 1907, 
91, 1350). Both processes involve an alkaline medium, and, in the latter case, the course of the 
reaction varies according to the procedure (Mai, /oc. cit.), for when the solution of the diazonium 
salt is added to the alkaline hydroxylamine, high yields of the parent amine can be recovered, 
whereas if the diazonium solution is first mixed with the hydroxylamine salt and then made 
alkaline, the aryl azide (azoimide) becomes the chief product. The mechanism of the process 
would appear to be a type of Lossen reaction in which the stages are: the initial formation of a 
diazoamino-compound with the hydroxylamine, subsequent fission of water, and rearrangement 
of the residue to the azide : 


:/OH NN 
R-N=N—N(¢ — wt + H,O 
‘H 


A rapid method is now described for the preparation of aryl azides in excellent yield by 
treatment of aryldiazonium sulphates in sulphuric-glacial acetic acid medium (Hodgson and 
Walker, J., 1933, 1620) with excess of hydroxylamine sulphate, followed by steam-distillation, 
whereupon the relevant azide (if steam-volatile) passes over. By this means yields exceeding 
70% of m-nitrophenyl azide have been obtained from m-nitroaniline, and 6-azidonaphthalene 
(6-naphthyl azoimide), stated by Forster and Fierz (J., 1907, 91, 1942) to have been success- 
fully prepared by them only by the direct action of diazotised 8-naphthylamine on hydrazoic 
acid, was also isolated. Similarly, azides have also been prepared from o- and p-nitroaniline, 
p-chloroaniline, p-nitro-o-toluidine, o- and m-nitro-p-toluidine, «-naphthylamine, and m- and 
p-phenylenediamine. 


EXPERIMENTAL. 


General procedure. A solution of the amine (0-02 g.-mol.) in glacial acetic acid (25 c.c.) is stirred into 
one of sodium nitrite (1-5 g.) in sulphuric acid (10 c.c., d 1-84) at 0°, the mixture kept at room temperature 
for 30 minutes to ensure complete diazotisation, and then poured on finely powdered hydroxylamine 
sulphate (15 g.) contained in a flask fitted for steam-distillation; after vigorous shaking to secure 
admixture, steam is passed through, and the aryl azide distils over. A by-product may be the corres- 
ponding phenol, which, when volatile in steam, may contaminate the azide, but is readily removed from 
it by digestion with cold dilute alkali. Most of the phenol formed, however, appears to react with 
unchanged diazo-compound to produce more complex non-steam volatile products; e.g., only traces of 
o-nitrophenol passed over with the o-nitroazidobenzene. 

Examples. o-Nitroazidobenzene (1-0 g., 31% yield) from o-nitroaniline (2-76 g.), crystallised from 
light petroleum in pale yellow, almost colourless needles, m. p. 52° (Noelting, Grandmougin, and Michael, 
Ber., 1892, 25, 3338, give m. p. 51—52°) (Found: N, 34-2. Calc. forC,H,O,N,:N, 34:1%). m-Nitroazido- 
benzene (5-2 g., 71% yield) from m-nitroaniline (5-5 g.), crystallised from light petroleum in almost 
colourless needles, m. p. 56° (Noelting et al., loc. cit., give m. Pp. 55°) (Found : N, 34:3. Calc. for C,H,O,N, : 
N, 34:1%). p-Nitroazidobenzene (1-5 g., 44-5% yield) from p-nitroaniline (2-76 g.) crystallised from 
light petroleum in yellow needles, m. p. 74° (Noelting et al., loc. cit., give m. p. 74°) (Found: N, 34-3%). 
o-Nitro-p-azidotoluene (2-5 g., 70%) from o-nitro-p-toluidine (3 g.) crystallised from light petroleum in 
very pale almost colourless needles, m. p. 70° (Noelting e¢ al., loc. cit., give m. mete (Found: N, 
31-6. Calc. for C,H,O,N,: N, 31-4%). m-Nitro-p-azidotoluene (1-9 g., 53%) from m-nitro-p-toluidine 
(3 g.) crystallised from light petroleum in pale yellow needles, m. p. 36° (Zincke and Schwarz, Annalen, 
1899, 307, 41, give m. p. 35°) (Found: N, 31-5%). -Nitro-o-azidotoluene (2-0 g., 50%) from p-nitro-o- 
toluidine (3-0 g.), crystallised from light petroleum in needles, m. p. 69° (Noelting e¢ al., loc. cit., give 
m. p. 68°) (Found: N, 31-6%). -Chloroazidobenzene was obtained from ~-chloroaniline and had the 
properties described by Griess ( Jahresber., 1866, 453) and Forster (J., 1906, 89, 236), viz., easy fusibility and 
m. p. 20°. m-Diazidobenzene (small yield) was steam-distilled over as an oil which solidified at 0° in 
pale yellow needles, m. p. ca. 5° (Forster and Fierz, J., 1907, 91, 1953, give m. p. ca. 5°) (Found: N, 
52-7. Calc. for CgH,N,: N, 52:5%). -Diazidobenzene (small yield), cry ised in bright yellow 
crystals from ether, m. p. 83° (Griess, Ber., 1888, 21, 1560, gives m. p. 83°) (Found : N, 52-6%). a-Azido- 
naphthalene steam-distilled over as a pale yellow oil which solidified to a crystalline mass, m. p. ca. 12° 
(Forster and Fierz, Joc. cit., give m. p. 12°). B-Azidonaphthalene passed over very slowly in steam, and 
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the small amount obtained crystallised from light petroleum in needles, m. p. 33° (Forster and Fierz, 
loc. cit., give m. p. 33°) (Found: N, 25-1. Calc. for CyH,N,: N, 24-8%). 


The authors thank Imperial Chemical Industries Limited (Dyestuffs Division) for gifts of chemicals. 
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163. The Polarography of Quinoline Derivatives. Part III. The Re- 


duction of Quinoline-8-carboxylic Acid at the Dropping-mercury 


Cathode. 
By Joun T. Stock. 


Current-voltage curves of quinoline-8-carboxylic acid in well-buffered solutions covering 
the pH range 1—12 have been constructed, reduction occurring over the entire pH range. The 
two principal waves appear to correspond respectively to a reversible one-electron reduction 
involving one hydrogen ion per molecule and a two-electron reduction not directly involving 
hydrogen ions. The height of the former wave in approximately neutral or alkaline 
buffer solutions is directly proportional to concentration and its measurement is suitable 
for the polarographic determination of quinoline-8-carboxylic acid. A small preceding wave, 
ee of which is almost independent both of concentration and of pH, is observed in 
acid solutions. 


QUINOLINE-8-CARBOXYLIC acid has been used by Majumdar (J. Indian Chem. Soc., 1941, 18, 419) 
and by Gilbreath and Haendler (Ind. Eng. Chem. Anal., 1942, 14, 866) as a selective precipitant 
for copper.. Since organic reagents for metals have proved generally useful in amperometric 
titration (cf. Kolthoff and Lingane, ‘‘ Polarography ”, New York, 1941, pp. 447—478; Stock, 
Analyst, 1947, 72, 291), the polarography of quinoline-8-carboxylic acid was studied with a 
view to its use in this method of titration. Well-buffered solutions at 25° covering a pH range 
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Curve I: pH 1-13; II, pH 7-00 (in part : remainder almost coincident with III) ; III, pH 7-53; 
IV, 0-I1n-NaOH. 


of about 1—12 were used. Potentials are referred to the saturated calomel electrode at the 
same temperature and, unless otherwise specified, solutions were 0°001m with respect to 
quinoline-8-carboxylic acid. 

Cathodic waves were obtained over the entire pH range examined. In the acid part of the 
range the considerable diminution in hydrogen overvoltage usually occasioned by quinoline 
derivatives occurs (cf. Stock, Part I, J., 1944, 427; Part II, J., 1949, 586). Up to about pH 5°5, 
wave A (Fig. 1, Curve I) is with difficulty distinguishable, but in solutions of higher pH definition 
improves markedly. A small preceding wave B is visible up to about pH 6; in the voltage 
range covered by this wave the galvanometer spot oscillates jerkily. 

Between pH 6 and 7°5, the polarogram becomes more complex. At pH 6°5, the region of 
almost constant current succeeding wave A merges into a large double maximum. The latter 
is single at pH 7 and is followed by indications of another wave C (Fig. 1, Curve II). In faintly 
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alkaline solution (Fig. 1, Curve III) the maximum vanishes, wave C becomes much more distinct, 
and small indistinct waves D and E appear (cf. Part I). In solutions more alkaline than pH 8, 
the only waves visible are A and C, the former diminishing, the latter increasing with pH 
(Fig. 1, Curve IV). 

The relationships between the half-wave potentials (E,,.) of the persistent waves and pH 
are shown in Fig. 2. For wave A, the equation E,,. = —(0°78 + 0°060pH) holds up to pH 4, 
but between pH 7°5 and 10°5 the relationship is E,,., = —(0°40 + 0°079pH). The behaviour 
between pH 5 and 7, where the half-wave potential decreases with increasing pH and passes 
through a minimum, is peculiar. Although incomplete, the E,,.~pH curve of the corresponding 
wave given by 8-hydroxyquinoline (Part II) appears to be of the same general form. Fields 
and Blout (J. Amer. Chem. Soc., 1948, 70, 930) report that the E,,.-pH curve of the second 
wave of certain aliphatic polyene aldehydes likewise shows a minimum, in this case at about 
pH 8. Their tentative explanation that this unusual behaviour might be caused by low buffer 
capacity of the supporting electrolytes is unlikely to apply to the present work in almost 
alcohol-free buffers of usual concentration. 
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Except in strongly acid solutions, the relationship Ey). = — (0°46 + 0°58pH) holds for wave B. 
In contrast to the behaviour of 8-hydroxyquinoline (Part II), there is no distinct region in which 
the half-wave potential is independent of pH. The half-wave potential of wave C is almost 
unaffected by pH change. 

The effect of pH change on the heights of the persistent waves (here corrected both for the 
residual current and for the differing drop-times due to measurement of the waves at different 
potentials) is shown in Fig. 3. The heights of wave B, and of wave A up to the appearance of 
wave C, are practically constant. As with the corresponding wave of 8-hydroxyquinoline 
(Part II), the height of wave B, except at concentrations <4 x 10M, is almost independent of 
concentration (Fig. 4, Curve 1; wave heights are here corrected for residual current only). The 
height of wave A, however, increases linearly with concentration (e.g., Fig. 4, Curve II), and 
measurement of the height of this wave in neutral or alkaline buffer solutions permits the polaro- 
graphic determination of quinoline-8-carboxylic acid. The height of wave C also increases with 
concentration, but, owing to the absence of a region of almost constant diffusion current, 
measurement is less easy. Nevertheless, by measuring the /ofal wave height (i.e., of A plus C) 
at a selected fixed potential, a linear calibration curve (e.g., Fig. 4, Curve III), also useful for 
quantitative work, may be obtained. The total wave height in alkaline solution is practically 
independent of pH. 

With the same dropping-mercury electrode, the constant height of wave A up to pH 7 is 
almost exactly half that of the corresponding wave, indicative of a two-electron change, of 
8-hydroxyquinoline between pH 2-7 and 5-2 (Part II). Accordingly, wave A at its maximum 
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height almost certainly corresponds with a one-electron reduction. By application to this wave 
of the Ilkovic equation, Jz = 605nD¥2Cm3*, where the symbols have their usual significance 
(Kolthoff and Lingane, op. cit., p. 55), the diffusion coefficient, D, of quinoline-8-carboxylic acid 
was calculated to be 0°92 x 10° cm.? sec.-1, 

Discussion.—Apart from the small wave B, wave A is the only one visible in acid solutions. 
The pH coefficient in the equation holding up to pH 4 of the latter wave agrees well with the 
theoretical 0°0591 required for a reaction involving a single hydrogen ion per molecule. The 
very poor definition of the wave under these conditions prevents logarithmic analysis (Kolthoff 
and Lingane, op. cit., p. 144), but in alkaline solutions such analysis yields a linear curve (Fig. 5, 
Curve I), the reciprocal slope of which is 0°062. Hence it is probable that, as with quinaldinic 
acid and with 8-hydroxyquinoline between certain pH limits (Parts I and II, respectively), wave 
A corresponds to a reversible one-electron reduction involving one hydrogen ion per molecule, 
to give a free radical which may then undergo dimerisation. Onset of the hydrogen wave 
prevents observation of any further reduction. 
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The equation of wave B indicates that here too one hydrogen ion per molecule is involved. 
As, however, the height of this wave is, except at high dilution, almost independent of the 
concentration of quinoline-8-carboxylic acid, adsorption or similar phenomena not subject to 
diffusion control are probably involved. This point is being further studied with the similar 
effect shown by 8-hydroxyquinoline. 

Even in 0-1N-sodium hydroxide solution (pH ~13) wave C does not appear to have reached 
its maximum height; inspection of Fig. 3, however, indicates that the maximum height is about 
twice that of wave A. Accordingly, wave C corresponds with a two-electron reduction and the 
probable formation of a dihydro-derivative. The growth with increasing pH of the (two- 
electron) wave C at the expense of the (one-electron) wave A might be expected to occur with 
an increase in the total wave height, whereas the latter is almost constant. A possible explan- 
ation is that wave C really represents two almost coincident one-electron waves, and that the 
height of one of these increases as that of wave A diminishes. In this connection, logarithmic 
analysis of wave C (Fig. 5, Curve II) yields a linear curve, the reciprocal slope of which is 0°068 
(instead of 0°0295 required for a reversible two-electron reduction and approximating to that 
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required for a reversible one-electron reduction). Since the half-wave potential of wave C is 
independent of pH, the electrode reaction does not directly involve hydrogen ions. 

Although 1 : 2 : 3: 4-tetrahydroquinoline-8-carboxylic acid is quite stable (cf. Heilbron and 
Bunbury, “‘ Dictionary of Organic Chemistry ’’, London, 1943, III, 704), and can be obtained by 
reducing quinoline-8-carboxylic acid with tin and hydrochloric acid (Chakravarti and Ganapati, 
J. Annamalai Univ., 1934, 3, 223; cf. Chakravarti and Venkatasubban, ibid., 1933, 2, 227), no 
wave corresponding to the definite formation of a tetrahydro-derivative was observed. Quinaldinic 
acid (Part I) is similar in this respect. 


EXPERIMENTAL. 


Quinoline-8-carboxylic Acid.—8-Methylquinoline (B.D.H.) was fractionally distilled and oxidised 
by the method of Glenn and Bailey (J. Amer. Chem. Soc., 1941, 68, 641). The product was recrystallised 
three times from water (m. p. 187°) and used to prepare a 0-02m-stock solution in 50% aldehyde-free 
alcohol. This solution was diluted 20 times or as required with the appropriate buffer. 

Buffer Solutions.—These were as in Part I, and were examined polarographically for reducible 
impurities. 

PA pparatus.—This was almost identical with that used in Part I. All measurements, including 
those of pH, were made at 25° + 0-2°. The characteristics of the dropping-mercury electrode (the 
same one as in Part II) were: m = 1-511 mg. sec.~!, ¢ = 3-08 secs., m*/3#1/6 = 1-588 (determined on open 
circuit in 0-1N-potassium chloride at 25°). 


The author thanks the Chemical Society for a grant. 


L.C.C. Norwoop TECHNICAL COLLEGE, 
Knicut’s Hitt, Lonpon, S.E.27. (Received, September 9th, 1948.] 





NOTES. 


A Test for the Group >CH*NH,. By ALEXANDER SCHONBERG and WILLIAM IBRAHIM AWAD. 


Tuts characteristic and sensitive test is based on the fact that when a compound (or its salts) containing 
the group >CH-:NH, is warmed in aqueous alcohol, in the presence of ammonium chloride, with 
phenanthraquinoneimine (I) (Anschiitz and Schultz, Annalen, 1879, 196, 51), ‘‘ phenanthroxazine ”’ 
(tetrabenzophenoxazine) (V) separates; it is practically insoluble in low-boiling organic solvents and in 
water, but can be recrystallised from nitrobenzene. This compound, which forms characteristic crystals, 
gives a deep indigo-blue non-fugitive colour with concentrated sulphuric acid. The colour can be 
detected in a concentration of 1 mg. in 300 c.c. of concentrated sulphuric acid (thickness of layer, 1 cm.). 
The test can therefore be carried out as a micro-test. 

The reaction sequence (A) and (B) is proposed for the formation of phenanthroxazine (R and R’ are 
alkyl or aryl groups or hydrogen); (A) is based on the observations of Schénberg, Moubacher, and 
Mostafa J ‘ " 1948, 176) who worked with phenanthraquinone, and (B) has been discussed by Schénberg 

( 


and Awa ., 1947, 625). 
\ S \ “Ss 
VA a. ) VA ) 4 H,0 : y, 
CHRR“-NH, + — NCHRR’ _, Y ba — ) Wor (A) 
No : \y \ N 
/ j y, VV 
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(\ # ¢ 
: 2(IV) —> Y x. H,O + NH, (B) 
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WY W,:) V 


It is obvious from the above scheme that the presence of the aliphatic hydrogen atom (as in II) is 
essential and that it is derived from the group >CH*NH,. Substances not containing this group, listed 
below, do not show the reaction. 

There is a great difference between the test now described and that with “ ninhydrin ”’ (triketoindane 
hydrate). The latter reagent gives a violet colour not only with substances containing the group 
>CH:NH,, but also with ammonia, potassium cyanide, and an alcoholic solution of aniline even in the 
cold (compare Ruhemann, J., 1910, 97, 1438, 2025). 

A great variety of substances (listed below) containing the group >CH-NH, give the test, 
and ethylenediamine is the only exception to the generalisation : the formation of ‘‘ phenanthrapiazine ”’ 
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(VI) proceeds so quickly that little or no (V) is formed. The formation of (VI) by the action of ethylene- 
diamine on phenanthraquinone is already known (Mason, Ber., 1886, 19, 112; /., 1889, 55, 98). 


(Sx (S 
N. N. 
H,N—CH V4 \ 4\ 4 
or (oe = 
H,N—CH, Ys WN 
[J H oy 
4 4 (VT.) 


We have found that a sample of technical diethanolamine contains, as impurity, traces of a substance 
containing the group >CH’NH, : it would be very difficult to prove the presence of such an impurity by 
any other method. 

Substances that do not give a positive test. Urea, ethylenediamine, trimethylamine hydrochloride, 
dimethylglyoxime, pL-aminoisobutyric acid, diethylamine hydrochloride, diethanolamine, uric acid, 
pyridine, aniline hydrochloride, phenylhydrazine hydrochloride, triethylamine hydrochloride, benzamide, 
toluene-p-sulphonamide, o-carboxyphenylglycine, ephedrine hydrochloride (as VII), azobenzene. 

Compounds that give a positive test. Methylamine hydrochloride, glycine, ethylamine hydrochloride, 
DL-alanine,. cysteine, -propylamine hydrochloride, 1: 3-diaminopropane and its dihydrochloride, 
aspartic acid, pL-threonine (VIII), -butylamine, isobutylamine, sec.-butylamine, putrescine dihydro- 
chloride, histamine acid phosphate, p-glutamic acid, pL-valine, cadaverine dihydrochloride, L-histidine 
hydrochloride, cystine, cyclohexylamine, leucine (synthetic), DL-isoleucine, DL-norleucine, glucosamine, 
L(+)-lysine monohydrochloride, L(+-)-arginine monohydrochloride, benzylamine hydrochloride, n-octyl- 
amine, f-phenylalanine, 1(—)-tyrosine, glutathione (IX), spermine tetrahydrochloride (X), 
DL-tryptophan, thyroxine sodium, insulin. 


(VII.) CHPh(OH)*CHMe-NHMe CHMe(OH)*CH(NH,):CO,H_ = (VIII.) 
CO,H-CH,*NH-CO-CH(CH,’SH):NH:CO:CH,°CH,"CH(NH,)*CO,H_ (IX.) 
NH,(CH,],"NH-[CH,],"NH-[CH,],"NH,,4HCl (X.) 


Experimental.—Experiments with reacting substances. These may be illustrated by the following 
example: Glycine (0-2 g.), phenanthraquinoneimine (0-2 g.), ammonium chloride (0-2 g.), alcohol (96% ; 
10 c.c.), and water (5 c.c.) were heated under reflux for 15 minutes, filtered while hot, and the residue 
washed with hot alcohol and then with hot water. The red-brown residue gave an intense indigo-blue 
colour with concentrated sulphuric acid and on crystallisation from nitrobenzene the characteristic 
crystals of ‘‘ phenanthroxazine ’’ (V) were obtained; m. p. >310° (Found: C, 87-3; H, 4-2; N, 3-4. 
Calc. for C,,H,,ON : C, 87-7; H, 4-4; N,3-7%). With some substances (e.g., ethylamine hydrochloride 
and insulin), the presence of ammonium chloride is not neces 3 

Action of phenanthraquinoneimine on ethylenediamine hydrochloride. Under the same conditions as 
above, these compounds afforded a filtrate and a residue which was completely soluble in hot alcohol. 
The filtrate on cooling gave crystals which, recrystallised from alcohol, had m. p. 180° undepressed on 
admixture with phenanthrapiazine (Mason, loc. cit.). The substance dissolves with a brown colour in 
concentrated sulphuric acid. 

Action of phenylhydrazine hydrochloride on phenanthraquinoneimine. The standard conditions again 
being used, but with addition of hot alcohol (20 c.c.) before filtration, both the residue and the red 
crystalline product which separated out from the cold filtrate proved to be phenanthraquinone phenyl- 
hydrazone, m. p. and mixed m. p. 165° (Zincke, Ber., 1883, 16, 1563). 


The authors are indebted to Hoffmann La Roche Co. (Basle) for the gift of putrescine dihydrochloride, 
cadaverine dihydrochloride, and spermine tetrahydrochloride.—Fouap I UNIVERsITy, CAarRo. 
(Received, May 20th, 1948.] 





The Condensation of p-Dimethylaminobenzaldehyde with Nitroparafins. By Davin J. Dratn and 
WALTER WILSON. 


THE facile reaction by which w-nitrostyrenes are produced from aromatic aldehydes and nitroparaffins, 
usually in the presence of a primary aliphatic amine catalyst (Knoevenagel and Walter, Ber., 1904, 37, 
4502; Worrall, J. Amer. Chem. Soc., 1934, 56, 1556; Hass and Riley, Chem. Reviews, 1943, 32 373), has 
not hitherto been applied to p-dimethylaminobenzaldehyde. Under the conditions mentioned, this 
aldehyde and nitromethane afforded a red crystalline nitroethylene (I; R = H) in high yield. A similar 
nitropropylene (I; R = Me) was obtained in lower yield from nitroethane, and although 1-nitropropane 
soon gave a red solution, no crystalline product could be isolated. 

The two nitrostyrenes were intensely red compounds, soluble in hot nitromethane or glacial acetic 
acid, but very sparingly soluble in most organic solvents. The almost colourless solutions in concentrated 
(>4n) hydrochloric acid gave precipitates of the red bases on dilution with water. ‘ 

- + -_ 
Moa DemcR a0 MesieK XHCERS Me,NH? CRN 
(I.) Oo (Ia.) O (II.) O 


Solutions of both compounds in 5n-hydrochloric acid and alcoholic solutions of w-nitrostyrene 
(Braude, Jones, and Rose, J., 1947, 1104) had similar ultraviolet absorptions. On the other hand, 
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alcoholic solutions of the two bases exhibited an entirely different type of absorption (see the two nitro- 
ethylene curves). These results are attributed to the existence of the ammonium ion (II), which is a 
true w-nitrostyrene, in the acid solutions, whereas in neutral solutions the compounds probably exist in 
a resonance hybrid form related to the quinone (Ia), derived from (I) by an electron transfer through the 
conjugated system. 
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1-Nitro-2-(4’-dimethylaminophenyl)ethylene. Light absorption in (A) alcohol, (B) 5N-HC1. 


The absorption curves of the two compounds were very similar, the only notable difference being 
the lower intensity of the 4200 a. peak in alcoholic solutions of the nitropropylene. The reason for this 
difference was not established; possibly one compound has a cis- and the other a trans-configuration 
(cf. Stewart and Clark, Canadian J. Res., 1948, 26, B, 7). 


Light-absorption data. 


In ethanol. In 5n-HCIl. 

Amaz., A. €max.- Amax., A. €max.- 

Me,N-C,H,CH:CH-NO, .........cseeeeees 2620 10,250 3050—3080 18,500 
4350 28,500 

Me,N-C,H,CH:CMe-NO, .......2e0eseee00s 2640 10,500 3020—3080 13,100 
4200 15,900 

C,H,°CH:CH:NO, (in alcohol) * ......... — — 2270 9,500 

3090 16,500 

C,H,°CH:CMe:NO, (in alcohol) * ...... — — 2260 10,300 

3050 12,400 


* Braude, Jones, and Rose, Joc. cit. 


1-Nitro-2-(4’-dimethylaminophenyl)ethylene (I; R = H).—A mixture of nitromethane (4g.), p-dimethyl- 
aminobenzaldehye (10 g.), 22% aqueous methylamine (1 c.c.), and methanol (20 c.c.) was kept at room 
temperature for 5 days. The red crystals (11-7 g.; 91%) were filtered off and recrystallised from 
nitromethane. The nitroethylene formed intense red glistening flakes, m. p. 181° (Found: N, 14-4. 
C,9H,,0,N, requires N, 14-6%). 

2-Nitro-1-(4’-dimethylaminophenyl)propylene (I; R = CH;).—(a) Nitroethane (7-5 g.), p-dimethyl- 
aminobenzaldehyde (14-9 g.), 22% aqueous methylamine (1 c.c.), and methanol (20 c.c.) as above gave 
only 1-9 g. of crude product, m. p. 117—119°. The nitropropylene crystallised from benzene—petroleum 
in small red needles, m. p. 123—124° (Found : N, 13-7. C,,H,,0,N, requires N, 13-6%). The compound 
was more soluble than the nitroethylene in benzene. (b) m-Butylamine (2 c.c.) was used as a catalyst in 
place of methylamine in an experiment similar to (a). After 44 hours’ boiling under reflux, the product 
(m. p. 117—-119°) weighed 6-1 g. (30% yield). The mother-liquors contained much unchanged aldehyde. 


The authors are indebted to Mr. J. R. Rowlands, Head of the Science Department of this College, for 
facilities and encouragement, and to Dr. W. F. Elvidge and Mr. L. Brealy, of Boots Pure Drug Co. Ltd., 
for the light-absorption measurements.—NOTTINGHAM AND DISTRICT TECHNICAL COLLEGE. ([Received, 
June 10th, 1948.) 
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Some Derivatives of 2-Keto-1 : 2-dihydro-1-oxa-8-azaphenanthrene. By V. Petrow and E. L. Rewa tp, 


SoME derivatives of 2-keto-1 : 2-dihydro-l-oxa-8-azaphenanthrene and of 3-oxa-6-aza-a-naphthindene 
were prepared following the observation by Dr. R. Wien (Biological Division, May and Baker Ltd., on 
behalf of the Therapeutic Research Corporation of Great Britain, Ltd.) that 2-keto-7-p-dimethyl- 
aminostyryl-1 : 2-dihydro-1-oxa-8-azaphenanthrene methoacetate (I; R = Me,N-C,H,-CH:CH; X = OAc) 
showed slight trypanocidal activity. 


oc’ S oc” S CO,Bt== 
Vv S NA aA /\/\ 
4 an WA, aw, LA ASH CH: CH-C,H,NMe, 
(1.) Me * (II.) eI Me (III.) 


Experimental. [M. p.s are corrected. Microanalyses are by Drs. Weiler and Strauss, Oxford. 
M. p.s and yields quoted by Dey and Goswami (j., 1919, 115, 536) are given in square brackets].— 
2-Keto-1 : 2-dihydro-1-oxa-8-azaphenanthrene. The following improved method was used: 6-Amino- 
coumarin (20 g.), arsenic pentoxide (22 g.), dry glycerol (46 g.), and concentrated sulphuric acid (25 g.) 
were carefully warmed to 175°, whereupon reaction occurred. After the temperature had been slowly 
raised to 220°, the mixture was heated for 3 hours at 180° (total time, 5 hours). The black product was 
poured into water (600 ml.), and the tarry residues extracted with hot water (total 500 ml.). The base, 
precipitated from the combined filtrates with sodium hydroxide, formed ivory needles (57%) from 
aqueous alcohol, m. p. 235—236° [232°; 36%], converted into the tetrahydro-derivative (52%), m. p. 
148-5° [142°]. The methiodide, m. p. 263° (decomp.) [246°], was converted into 2-keto-1 : 2-dihydro-1- 
oxa-8-azaphenanthrene methochloride (I; R =H, X = Cl), fine white needles from absolute alcohol, 
m. p. 267° (decomp.) (Found: Cl, 14-6. C,,;H,).0,NCI requires Cl, 14-4%) 

2-Keto-7-p-dimethylaminostyryl-1 : 2-dihydro-1-oxa-8-azaphenanthrene. An intimate mixture of 2-keto- 
7-methyl-1 : 2-dihydro-l-oxa-8-azaphenanthrene (2-0 g.) (Dey, Sarkar, and Seshadri, J. Indian Chem. 
Soc., 1926, 8, 187), p-dimethylaminobenzaldehyde (2-0 g.), and a little powdered anhydrous zinc chloride 
was heated at 170° for 35 minutes. The product, isolated from the powdered melt with spirit, separated 
from amy] alcohol in a felted mass of orange needles, m. p. 262—263° (Found : C, 76-7; H, 5-4; N, 8-6. 
C3.H,,0,N, requires C, 77:2; H, 5-3; N, 8-2%). 

2-Keto-7-methyl-1 : 2-dihydvo-1-oxa-8-azaphenanthrene methochloride (I; R=Me, X =Cl), needles 
from alcohol-ether, m. p. 258° (decomp.) (Found: Cl, 13-0. C,,H,,O,NCl requires Cl, 13-6%), was 
prepared from the corresponding methiodide, m. p. 248° (decomp.) {Found : I, 36-0. Calc. for 
C,,H,,0O,NI: I, 36-0%) (Dey, Sarkar, and Seshadri, loc. cit., give m. p. 245°). 

2-Keto-7 1-p-dimethylaminostyryl-1 -oxa-8-azaphenanthrene methiodide (1; R = Me,N-C,H,-CH:CH, 

=I). Finely powdered (I; R = Me, X = I) (2-5 g.) was suspended in acetic anhydride (250 ml.), 
os p-dimethylaminobenzaldehyde (1-5 g.) added to the rapidly boiling solution. Heating was 
continued for 30 minutes. After standing overnight, the product (93%).was collected and crystallised 
from a large volume of boiling spirit, from which it separated in nearly black needles having a dark green 
reflex, m. p. 265—266° (decomp.) (Found: N, 5-8; I, 26-0. C,,;H,,O,N,I requires N, 5-8; I, 26-2%). 
The methochloride separated from methyl alcohol in scarlet needles having a deep green reflex, m. p. 
269—270° (decomp.) (Found: Cl, 9-0. C,,;H,,O,N,Cl requires Cl, 9-0%). The methoacetate separated 
from absolute alcohol in nearly black needles having a deep green reflex, m. p. 155—156° (decomp.) 
(Found : N, 6-3. CasHasONs peed 6-7%). 

p-Dimethylaminoanil (I; = Me,N°C,H,N:CH:; X =Cl) from 2-keto-7-formyl-1-oxa-8-azaphen- 
anthrene methochloride. (I: » pn Me, X =I) (3- 5 g.), dissolved in alcohol (60 ml.) and water 
(15 ml.), was treated with p-nitrosodimethylaniline (1-8 g.), and piperidine (1 ml.) added to the warm 
solution. After 5 minutes’ heating under reflux, the product (2-8 g.; m. p. 230—231°) was collected, and, 
as it proved to be extremely insoluble in the usual solvents, converted directly into the methochloride, 
black needles having a green reflex from methyl alcohol, m. p. 234—235° (Found: N, 9-6; Cl, 7-7, 
C,,H.O,N,Cl,MeOH requires N, 9-9; Cl, 8-7%). The compound underwent fairly rapid decomposition 
when heated in alcoholic solution. 

2 - Keto-7-p-acetamidostyryl - 8- methyl -1-oxa-8-azaphenanthrene methosulphate iT; R = 
NHAc:C,H,°CH:CH:, X = MeSO,), prepared by heating (I; R = Me, X = MeSO,) (2 g.), p-acetamido- 
benzaldehyde (1-1 g.), alcohol (25 ml.), water (3 ml.), and 3 drops of piperidine under reflux for 1 hour, 
separated (yield 90%) in very sparingly soluble yellow crystals, m. p. 308° (decomp.) (Found: S, 6-5. 
C,,H,,0,N,5 requires S, 6-6%). 

N-(6-Coumarino)anthranilic acid. o-Chlorobenzoic acid (6 g.), anhydrous potassium carbonate 
(6 g.), 6-aminocoumarin (10 g.), and copper bronze (1 g.) were heated in amyl alcohol (130 ml.) under 
reflux for 3 hours. The amyl alcohol was removed in steam, and the aqueous-alkaline filtrate rendered 
acid with acetic acid. The product was collected and purified from spirit giving the acid, faintly-coloured 
prisms from spirit, m. p. 250—251° (Found: C, 68-4; H, 3-8; N, 5-3. C,,H,,O,N requires C, 68-3; 
H, 3-9; N, 5-0%). 

3-Keto-3 : 4-dthydro-4-oxa[3 : 4)benzacridone (II), a pale yellow powder insoluble in the usual solvents, 
m. p. >320° (Found: N, 5-8. C,,H,O,N requires N, 5-3%), was obtained when the foregoing compound 
(1-0 g.) was heated with ‘concentrated sulphuric acid (6 ml.) for 30 minutes on the water-bath, and the 
arenes | poured into water. Attempts to convert it into the corresponding chloroacridine were not 
successful. 

2-Carbethoxy-7-methyl-3-oxa-6-aza-a-naphthindene derivatives. 2-Carbethoxy-7-methyl-3-oxa-6-aza- 
a-naphthindene, m. p. 119° (Found: C, 70-0; H, 5-1. Calc. for C,;,H,,0,N: C, 70-6; H, 5-0%) (Dey 
and Seshadri, J. Indian Chem. Soc., 1926, 3, 166, give m. p. 107°), was prepared from the corresponding 
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acid by the silver salt method. The methiodide, prepared via the methosulphate in benzene solution, 
formed light yellow crystals from alcohol, m. p. >300° (Found: I, 31-9. C,,H,,0,NI requires I, 
32-0%). The methochloride formed very unstable platelets from absolute alcohol which decomposed on 
recrystallisation, m. p. ca. 250° (decomp.) (sinters 210°) (Found: Cl, 10-1. C,,H,,0,NCl requires 
Cl, 11-8%). 

When the above finely powdered methiodide (1 g.) was dissolved in boiling acetic anhydride (50 ml.), 
and the solution treated with p-dimethylaminobenzaldehyde (1 g.) under reflux for 10 minutes, brilliant 
green needles of 2-carbethoxy-1-p-dimethylaminostyryl-3-0xa-6-aza-a-naphthindene methiodide (III) were 
obtained, m. p. 263° (decomp.) (Found: I, 24:1. C,,H,,O,N,I requires I, 24-1%) after crystallisation 
fromspirit. Thecorresponding methochloride was again obtained with difficulty, forming deep-red micro- 
crystals from alcohol, m. p. 273° (decomp.) (with previous sintering) (Found: Cl, 7-2. C,,H,,;O;N,Cl 
requires Cl, 8-1%). 


The authors thank the Therapeutic Research Corporation of Great Britain Limited for grants and for 
certain facilities —QUEEN Mary COLLEGE (UNIVERSITY OF Lonpon), E.1. [Received, June 4th, 1948.] 





“‘ a-Methylenic Reactivity in Olefin Systems. Part III. The Prins Reaction with Ethylene and 
a-Methylstyrene.’’ By J. W. BAKER. 


S1ncE the publication of a paper with the above title. (J., 1948, 89) an abstract of a paper by Olsen 
(Z. Naturforsch., 1946, 1, 676) has become available in which the reaction of ethylene with formaldehyde 
in concentrated acetic-sulphuric acid medium at 130—140°/73 atm. is discussed. The high temperature 
and pressure necessary to obtain reasonable yields of the condensation products confirm the lack of 
reactivity under atmospheric pressure previously noted. The products of the reaction under the two 
sets of conditions appear to be identical, viz., trimethyleneglycol diacetate (I) and “ pentaglyceryl 
triacetate ’’, CMe(CH,*OAc), (II), b. p. 151-5—151-8°/11 mm., hydrolysed to 2-methyl-2-hydroxymethyl- 
propane-l : 3-diol (III), m. p. 199—200°. The unidentified fraction, b. p. 123—126°/0-8 mm., which 
could not be freed from a formaldehyde impurity, was almost certainly an impure specimen of (II) 
(Found: C, 52-6; H, 7-2. Cale. for C,,H,,0,: C, 53-6; H, 7:-4%), for which (as found) the acetyl 
content approximates very closely to that of (I) and which, on hydrolysis, gave a crystalline alcohol, 
m. p. ayy must similarly be identified with (III) (Found: C, 50-25; H, 9-6. Calc. for C,H,,0; : 
C, 50-0; H, 10-0%). : 

If the structure assigned by Olsen to (II) is correct, the mechanism of its formation in the reaction is 
.tather obscure.—TuHE UNIverRsity, LEEDs. (Received, June 25th, 1948.} 
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OBITUARY NOTICE. 


JOHN HENRY COSTE. 
1871—1949. 


Joun Henry Coste died suddenly at his home at Smallfield, near Horley, Surrey, on January 
3rd, 1949, in his 78th year. : 

He was born at Clerkenwell, London, on April 8th, 1871, and received his scientific 
education at Finsbury Technical College under Professor Meldola for whose work and teaching 
abilities he often expressed, in his later years, his very great admiration. Coste’s passing reduces 
still further the dwindling number of old Finsbury students who subsequently made their mark 
in the scientific world. On leaving the college in 1891 he worked for three years in the labora- 
tories of John Augustus Voelcker mainly on agricultural and allied problems, and on March 19th, 
1894, he joined the staff of the Chemical and Gas Testing Department of the London County 
Council which, in 1889, had succeeded the Metropolitan Board of Works as the principal govern- 
ing body of London outside the City, and, indeed, exercised some powers in the City itself. The 
Chief Chemist at that time was William Joseph Dibdin—a descendent of the author of ‘‘ Tom 
Bowling ’’—whose pioneer work in developing the bacterial treatment for the disposal of sewage 
will always be remembered by those concerned with that service. Coste’s abilities were soon 
recognised, and when some years later Dibdin resigned and Professor Frank Clowes (from 
Nottingham) was appointed in his stead, Coste became chief assistant. He held this position 
until 1912, when the Chemical and Gas Testing Department was abolished as a separate entity, 
the work being split up and divided between other departments. The bulk of it went to the 
relatively new Public Health Department, and Coste from that time until his retirement from 
the service in 1936 filled the position which subsequently became entitled Chemist-in-Chief ; 
he was also appointed Official Agricultural Analyst for the County of London. 

Coste was a long-standing Fellow of the Chemical Society, having been elected in 1893. He 
was also a Fellow of the Royal Institute of Chemistry and a Fellow of Institute of Physics, and 
served on the Council of the former and also on that of the Society of Public Analysts. Fora 
period he was Secretary of the London Section of the Society of Chemical Industry, and also 
served on a number of Government and other committees. 

Coste’s field of scientific work covered a very wide range, as indeed was essential having regard 
to the scope of activities of the London County Council. He was the author or part author of 
many papers, most of which appeared through the years in the Analyst or the Journal of the 
Society of Chemical Industry. A few may be mentioned: commercial Prussian-blue (1896), 
the examination of turpentine and turpentine substitutes (1908), the composition of painters’ 
driers (1910), the examination of mixtures containing petroleum (1912), the electrical conduct- 
ivity of milk (1919), the absorption of atmospheric gases by water (1923), modern methods of 
sewage disposal (1927), specification for enamelled hollow-ware (1935), chemical and biological 
considerations affecting the control of swimming baths (1935), and nature of the nucleus in 
hygroscopic droplets (1935). He was also the author of a book on the calorific power of gas, and 
part author of two others, one on fuel and one on paint and paint pigments. 

During his later years in active service Coste was probably most keenly interested in two 
subjects allied to public health—sewage disposal and atmospheric pollution—and he continued 
his work on atmospheric pollution at his home after his retirement. He was one of the original 
members of the research committee (which was set up at the time of the First World War) under 
the aegis of the Meterological Office which later was reconstituted on its present basis as the 
Atmospheric Pollution Research Committee of the Fuel Research Board, Department of 
Scientific and Industrial Research. 

Coste maintained his active interest in scientific affairs throughout his thirteen years of 
retirement up to the time of hissudden death. He had the outlook of the true scientist, and was 
able to combine this research viewpoint with the essentially practical one which is so necessary 
in the local government service to which almost all his working years were devoted; he was, 
moreover, a keen experimenter. 

He was of a kindly nature and always approachable and willing to help and advise his 
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colleagues on any problem which arose. He had a fund of entertaining reminiscences, relating 
back to his early years, which painted for his younger colleagues a vivid picture of the 
personalities of the chemists of those days and the conditions and limitations under which they 
worked. Only a few days before his sudden passing he was amongst us for a Christmas season 
celebration, and seemed as hale and active as ever. His death came thus as an unexpected 
shock. He leaves a widow and four married children—two sons and two daughters. 

C. J. REGAN. 
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THE CHEMICAL SOCIETY 





SCIENTIFIC MEETINGS DURING MAY, 1949 
LONDON. 


Thursday, May 12th, 1949, at 7.15 p.m. 


Lecture, The Chemistry and Biochemistry of some Mammalian Secretions and 
Excretions, by Dr. E. Lederer. 


To be held in the Lecture Theatre of the Royal Institution, Albemarle Street, London, W.1 
Thursday, May 26th, 1949, at 7.15 p.m. 


The following papers will be read and discussed : 


“‘ Deoxy-sugars, Parts V, VI, and VII.” By R. E. Deriaz, W. G. Overend, 
M. Stacey, J. Stanek, (Miss) E. G. Teece, and L. F. Wiggins. 
‘“‘ The reaction between aromatic compounds and derivatives of tert.-acids, Parts I 
to V.”” By E. Rothstein and R. W. Saville. 
To be held at Burlington House, W.1. 


Preprints of abstracts of the papers for discussion may be obtained on application to the 
General Secretary. 








EIRE. 
Friday, May 6th, 1949, at 8 p.m. 


Lecture, Recent Progress in the Chemistry of Pectin and Hemicelluloses, by 
Professor E. L. Hirst, M.A., D.Sc., F.R.S. 


Joint meeting with the Werner Society to be held in the Department of Chemistry of Trinity 
College, Dublin. 





Monday, May 16th, 1949, at 8 p.m. 


Lecture, The Chemistry and Biochemistry of some Mammalian Secretions and 
Excretions, by Dr. E. Lederer. 


To be held in the Department of Chemistry of Trinity College, Dublin. 
Friday, May 27th, 1949, at 8 p.m. 


Lecture, A Chapter in Inorganic Stereochemistry, by Professor W. Wardlaw, C.B.E., 
D.Sc., F.R.I.C. 


Joint meeting with the Werner Society to be held in the Department of Chemistry of 
Trinity College, Dublin. 








EXETER. 
Friday, May 6th, 1949, 10 a.m.tol p.m. Saturday, May 7th, 1949, 10 a.m. to 12.30 p.m. 


Discussion, Suspensions and Sedimentation, by Dr. H. Bruijn, Dr. P. Eggleton, 
Mr. P. G. W. Hawskley, Mr. A. J. Hughes, Professor S. G. Ward, Dr. E. R. 
Winter. 


Joint meeting with the British Rheologists’ Club to be held in the Washington Singer 
Laboratories, Prince of Wales Road, Exeter. 


Friday, May 20th, 1949, at 4.30 p.m. 








Official Meeting. Lecture, A New Approach to the Synthesis of Azoles and Purines, 
by Sir Ian Heilbron, D.S.O., D.Sc., LL.D., F.R.S. 


To be held in the Washington Singer Laboratories, Prince of Wales Road, Exeter. 








HULL. 
Thursday, May 12th, 1949, at 6 p.m. 
Lecture, The Mechanism of Drug Action, by Professor A. R. Todd, M.A., D.Sc., 
F.R.S. 


Joint meeting with the University College Scientific Society, to be held in the Science Lecture 
Theatre of University College, Hull. 


LEEDS. 
Friday, May 20th, 1949, at 6.30 p.m. 
Lecture, The Chemistry and Biochemistry of some Mammalian Secretions and 


Excretions, by Dr. E. Lederer. 
To be held in the Chemistry Department of the University. 


NEWCASTLE and DURHAM. 
Friday, May 13th, 1949, at 5 p.m. 


Bedson Club Lecture by Sir Cyril Hinshelwood, M.A., Sc.D., F.R.S. 


To be held in the Chemistry Department of King’s College, Newcastle-upon-Tyne. All 
Fellows are invited. 


Thursday, May 19th, 1949, at 5 p.m. 


Lecture, The Chemistry and Biochemistry of some Mammalian Secretions and 
Exeretions, by Dr. E. Lederer. 


To be held in the Chemistry Lecture Theatre of King’s College, Newcastle-upon-Tyne. 


NORTHERN IRELAND. 
Tuesday, May 10th, 1949, at 7.30 p.m. 


The following papers will be read and discussed : 


“‘ Micro-determination of Oxygen in Organic Compounds by Reduction with 
Carbon,”’ by W. T. Chambers. 
‘‘Some Microchemical Problems Associated with Plant and Animal Nutrition,” 
by S. McConaghy. 
Joint meeting with the Microchemical Group of the Society of Public Analysts and the 


local sections of the Royal Institute of Chemistry and the Society of Chemical Industry to 
be held in the Chemical Lecture Theatre of Queen’s University, Belfast. 


Tuesday, May 17th, 1949, at 8 p.m. 


Lecture, The Chemistry and Biochemistry of some Mammalian Secretions and 
Excretions, by Dr. E. Lederer. 


To be held in the Chemical Lecture Theatre of Queen’s University, Belfast. 


NORTH WALES. 
Thursday, May 5th, 1949, at 5.30 p.m. 


Lecture, Problems in the Chemistry of the Pectins and Hemicelluloses, by Professor 
E. L. Hirst, M.A., D.Sc., F.R.S. 


Joint meeting with University College of North Wales Chemical Society to be held in the 
Department of Chemistry, University College of North Wales, Bangor. 
SOUTHAMPTON. 
Friday, May 6th, 1949, at 5 p.m. 


Lecture, Some Aspects of Aromatic Substitution, by Professor Brynmor Jones, 
Sc.D., F.R.1.C. 


Joint meeting with the Chemical Society of University College, Southampton, to be held 
in the Physics Department, University College, Southampton. 









































PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, London, W.1, on Thursday, March 3rd, 1949, at 7.15 p.m. 


The President, Str IAN HEILBRON, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. ; 


MINUTES. 

The Minutes of the Meeting held at Imperial College on Thursday, February 17th, 
1949, were read, and were confirmed and signed. 

APPOINTMENT OF SCRUTATORS. 

Dr. D. H. R. Barton and Dr. J. Honeyman were appointed Scrutators for the ballot 
for the election of Vice-Presidents, who have not filled the Office of President, and Elected 
Ordinary Members of Council. 

FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: R. J. Woods, F. Chapman, 
R. C. Brian, F. J. T. Harris, Alfred Campbell. 

SCIENTIFIC COMMUNICATIONS. 

The following papers were read and discussed : 

“Studies on nitroamines. Parts I to VIII.’”’ By R. C. Brian, F. Chapman, A. H. 
Lamberton, C. Lindley, P. G. Owston, J. C. Speakman, and D. Woodcock. 

“* Syntheses in the fluoranthene series.’”” By N. Campbell, R. S. Gow, A. E. S. Fairfull, 
and H. Wang. , 

Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, London, W.1, on Thursday, March 17th, 1949, at 7.15 p.m. 

The President, Str IAN HErLBRon, D.S.O., D.Sc., LL.D., F.R.S., was in the Chair. 

MINUTES. 


The Minutes of the Meeting held at Burlington House on Thursday, March 3rd, 1949, 
were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society : 


Kathleen M. Jackson, G. W. Perold, Jack H. Singleton, T. G. Bonner, C. A. Morgan, 
D. J. B. Miller, G. C. Bond, P. J. Hillson, P. G. Garner. 
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DISCUSSION. 


The President called upon Dr. R. Holroyd to open the Discussion entitled, “‘ Aspects 
of Heterogeneous Catalysis.’’ The following contributions were made : 
Part I. ‘‘ Theoretical Basis,” by Mr. D. A. Dowden. 
Part II. ‘‘ Hydrogenation by Binary Alloys,’’ by Dr. P. W. Reynolds. 


A general discussion followed, and a vote of thanks to the contributors to the 
discussion, proposed from the Chair, was carried with acclamation. 





OFFICIAL ANNOUNCEMENTS 


DEATHS. 
The Council regret to announce the deaths of the following Fellows : 
Elected. Died. 
Edward Mitchell — i Perr Feb. 21st, 1889. March 19th, 1948. 
Francis James Henderson Coutts (Bourne- 
DE ntdeuncenneecennst¥0nee9 0040 ss Dec. 16th, 1886. Feb. 13th, 1949. 

Sir Thomas Hill Easterfield (New Zealand) .. April 4th, 1889. March Ist, 1949. 
William Haining (E.14) .............000- Jan. 18th, 1945. Feb. 23rd, 1949. 
Rev. William Hughes (Anglesey) .......... Feb. 2nd, 1918. Dec. 8th, 1948. 
Thomas Smith Murray (Dundee) .......... Dec. 4th, 1890. Feb. 6th, 1949. 


CONGRATULATIONS. 


The President has conveyed the congratulations of the Society to Mr. William Stone 
(W.1), who would complete 70 years of Fellowship on April 17th, 1949, and to Mr. Joseph 
_ Thomas Freestone (Widnes) and Mr. James Bruce Miller (Aberdeen), who would complete 
60 years of Fellowship on April 4th, 1949. 


HONORARY FELLOWS. 


The following have been nominated by the Council as Honorary Fellows of the Society : 


Dr. C. S. Hudson (U.S.A.). 

Professor H. R. Kruyt (Netherlands). 
Professor H. S. Taylor (U.S.A.). 
Professor A. W. K. Tiselius (Sweden). 


Fellows wishing to lodge objections to the election of these should communicate with 
the Honorary Secretaries within ten days of the date of publication of the Journal for 
March 1949. 

ELECTION OF NEW FELLOWS. 


The following 71 Candidates were elected Fellows of the Society on March 17th, 1949: 





John Leslie Allan. Henry James Clarke. 
Allan Alsbury. Edwin John Cross. 
Edward Chaterton Apling. Donald Davall. 
Om Prakash “yo Tom Clifford Denston. 
ane Chandler Aycock. Leslie Dewhirst. 
enryk Bader. Olive Lucy Drage. 
Arthur Edwin Bailey. Berger Knutson Drake. 
Ralph Bailey. — Edward George Essery. 
Colin Barker. orothy Maud Farmer. 
Parashvram Mahadeo Barvé. Kevin Joseph Gallagher. 
Peter Beckmann Agnes Margaret Gibson. 


Roy Reginald Bishop. 


Donald Parkinson Braithwaite. 


Frederic Chewming Chang. 
Fayette Dudley Chittenden. 
Brian Crossley Christian. 


— Kerr Grant. 
ugh Griffiths. 

Leonard Harrison Groves. 
Donald Philip Harnish. 
Arthur John Head. 
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Maurice William Holloway. Peter Ferguson Maclachlan Paul. 


ack pene | Hopton. David William Crichton Ramsay. 
yril Cuttell Howis. Victor Shashoua. 
Brian Stanley Innes. John ar Spice. 
William S. Johnson. Arthur hall Spivey. 
Phyllis Downton Landauer. John Stuart-Webb. 
Stephen Klaus Robert Landauer. George Vincent Taylor. 
Charles Michael Lavender. Peter Arthur Sendbery Tee. 
Douglas Rostron Lewis. Norman Jacques Treacher. 
Rufina Stella Ludwiczak. Stuart Trippett. 
Gottlieb Luscher. George Turner. 
— Brown Douglas Mackenzie. Geoffrey James Tyler. 
obert Jack Louis Martin. David mann Voss. 
Kazimierz Wiktor Mieszkis. Eric Walker. 
James Stanley Morgan. Philip Wedgwood. 
William Patrick Murray. Robert John Whitcroft. 
John Herbert Charles Nayler. Alan Wild. 
Alan Wallace Nineham. — Frederick Woollam. 
— Christopher Parkins. eter Wright. 
ercy Reginald Parr. 


MEETING OF COUNCIL. 


A Meeting of Council was held on March 17th, 1949. 

The final accounts for the year ended 1948 were submitted to Council and approved. 

The thanks of the Council were expressed to Mr. J. H. Linford, Mr. A. P. Mieras, and 
Mr. J. Wilson who had made gifts of the Society’s publications. 

Certain items of a formal and financial nature were dealt with. 





MEETINGS OUTSIDE LONDON 
BRISTOL. 


“‘ The Stability of Emulsions,’’ by Dr. A. S. C. Lawrence. 


A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held in the Chemistry Lecture Theatre of the University 
on February 10th, 1949, with Dr. F. H. Pollard in the Chair. 

Dr. Lawrence described how war-time work on the demulsification of sea-water in 
fuel-oil systems has led to a critical examination of the factors concerned in the stabilis- 
ation of liquid-in-liquid systems. 

Surface-tension considerations do not explain emulsion stability. The first step in 
coagulation is collision as a result of Brownian Motion. The emulsifying agent acts as 
an energy barrier preventing coalescence. The energy barrier may be electrical or 
mechanical or both. Surface tension determines the work to be done in emulsification, 
but appears to play no part in determining stability. 

Sea-water-in-fuel-oil emulsions are broken by wetting agents at their critical con- 
centration. That is, under the conditions of minimum interfacial tension plus the elec- 
trical energy barrier which are the conditions accepted generally for emulsion stability. 
It was suggested that surface rigidity was also needed. The anomalous viscosity of the 
sea-water-in-fuel-oil emulsions was shown to be due to the elastic emulsifying layer, and 
it was suggested that other classical soap-stabilised emulsions showing viscous anomaly 
did so because of rigidity of the soap monolayer. It was suggested that no emulsion or 
hydrophobic solution has an absolute stability; with a Maxwell distribution of Brownian 
velocities, there will always be a number of collisions occurring with momentum sufficient 
to overcome the maximum value which can be given to the energy barrier. Such systems 
should be defined by their rate of coagulation, however small. 

A keen discussion followed, and a vote of thanks to the lecturer was proposed by 
Dr. D. Eley, and carried with acclamation. 
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EDINBURGH. 


“* Analytical Chemistry, Chemical Analysis and the Analyst,’’ by Mr. R. C. Chirnside, 
F.R.I.C. 


A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held in the North British Station Hotel on February 
24th, 1949, with Mr. R. G. Thin in the Chair. 

Mr. Chirnside dealt with the status of the profession and the wider aspects of modern 
analytical practice involving the use of the newer physical techniques. 

A vote of thanks to the Lecturer, proposed by Dr. E. C. V. Percival, was carried with 
enthusiasm. 


“Recent Trends in the Industrial Utilisation of Agricultural Products in North 
America,’”’ by Dr. F. N. Woodward, F.R.I.C. 


A joint meeting with the local sections of the Royal Institute of Chemistry and the 
Society of Chemical Industry was held in the North British Station Hotel on March 17th, 
1949, with Dr. Ames in the Chair. 

Dr. Woodward discussed the new technology ‘‘ Chemurgy ”’ and after a discussion a 
vote of thanks to the lecturer, proposed by Dr. Stewart, was carried with enthusiasm. 


EIRE. 


“‘ Researches on the Chemistry of the Algz,’’ by Professor T. Dillon, M.A., D.Sc. 


A joint meeting with the University College, Dublin Chemical Society and the Werner 
Society was held in the Department of Chemistry University College, Dublin, on February 
28th, 1949, with Professor T. S. Wheeler in the Chair. 

The researches were concerned with carbohydrate constituents of brown and red 
alge. The reserve carbohydrates of the brown alge is laminarin, a glucan with 1:3 
linkages and -configuration. Salkowski’s yeast cellulose has the same linkage and con- 
figuration, although it differs very much in properties from laminarin. Laminarin has 
16 units of glucose per end group while yeast cellulose has 29. By acetolysis of carrageen 
mucilage, a degraded polysaccharide has been obtained in which the sulphate radicals 
have been removed. The linkages in it are 1:3 supporting Percival’s formula for the 
mucilage. 

The thanks of the meeting for a most interesting lecture were conveyed to the lecturer 
by the Chairman. 


“The Chemistry of Reductone and its Bearing on Sulphanilamide Action,’ by 
Professor W. Cocker, M.A., Sc.D., F.R.I.C. 


A joint meeting with the Werner Society and the Chemical Society of University 
College, Dublin, was held in University College, Dublin, on March 7th, 1949, with Professor 
T. S. Wheeler in the Chair. 

After dealing with the history and properties of this reactive triose, the lecturer pro- 
ceeded to describe work of O’Meara and his colleagues, who discovered that bacteria in 
the logarithmic phase produce a strongly reducing substance which they assumed to be 
reductone. These workers showed that both reductone and its derivative with p-amino- 
benzoic acid are sources of energy for growing bacteria, whilst the condensation product 
of reductone with, for example, sulphathiazole is incapable of sustaining growth. 

The lecturer described work performed in Dublin on the preparation and investigation 
of the properties of the Schiff’s bases from reductone and various sulphonamides, and 
pointed out that ~-aminobenzoic acid displaces the various sulphonamides, excepting 
Marfanil, from their condensation products with reductone, which is not out of harmony 
with the known antagonising effect of ~-aminobenzoic acid on the sulphonamides. He 
also mentioned that the Schiff’s base from Marfanil and reductone is not decomposed with 
p-aminobenzoic acid, but, on the contrary, Marfanil displaces p-aminobenzoic acid from 
such Schiff’s bases. 
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After developing the hypothesis of O’Meara on the action of sulphonamides on the 
bacterial cell in the light of the chemistry of Schiff’s bases mentioned, the lecturer pointed 
out that the reductone—f-aminobenzoic acid condensation product had recently been 
isolated in Trinity College, Dublin, from a solution containing #-aminobenzoic acid and 
glucose in which yeast was growing. 

Finally, the lecturer speculated on the importance of reductone in biochemical synthesis 
and referred to the work on the synthesis of pteroic acid by Forrest and Walker at Hamp- 
stead and by Angier and his colleagues in America on the synthesis of pteroylglutamic 
acid. He also made reference to attempts to synthesise cyclic systems now in progress 
in Dublin. 

“‘ The Development of the Periodic Table,’’ by Professor T. S. Wheeler, D.Sc., F.R.I.C. 


A joint meeting with the Werner Society and the University College, Dublin, Chemical 
Society was held in the Department of Chemistry, Trinity College, Dublin, on March 14th, 
1949, with Professor K. C. Bailey in the Chair. 

The lecturer pointed out that the Periodic Table includes the idea of an element, 
the idea of an atom, the idea of atomic structure, and the idea of the unity of matter. 
He traced the development of these ideas as chemistry progressed and showed how they 
culminated in the modern Periodic Table based solely on similarities in atomic structure. 
He exhibited a “‘ slide rule ’’ form of table which showed the relations between the “‘ short ”’ 
and “‘long’’ forms of the Table. The lecture was illustrated by slides of various forms 
of the Periodic Table. 


GLASGOW. 


““ Recent Developments in the Chemistry of Macrocyclic Compounds,’’ by Professor 
V. Prelog. 


The Annual General Meeting of local Fellows was held in the Royal Technical College, 
Glasgow, on February 21st, 1949. 

Professor Prelog delivered his lecture which was enthusiastically received and dis- 
cussed. A vote of thanks to Professor Prelog, proposed by Professor J. W. Cook, was 
most heartily accorded. 


“The Head-to-tail Isoprene Rule and its Limitations in Terpene Chemistry,’”’ by 
Professor G. R. Clemo, D.Sc., F.R.S. 


A meeting was held in the Chemistry Department of the University, on March 11th, 
1949, with Professor F. S. Spring in the Chair. 

Professor Clemo discussed the application of the isoprene theory to terpene structures, 
with particular reference to apparently anomalous cases. A brief discussion followed, 
and a vote of thanks, proposed by Dr. J. D. Loudon, was warmly accorded. 


LIVERPOOL. 


“Recent Developments in the Chemistry of Polymeric Substances,’ by Dr. G. Gee, 
M.Sc., A.R.I.C. 


A meeting was held in the Chemistry Lecture Theatre of the University on February 
10th, 1949, with Dr. R. O. Griffiths in the Chair. 

Dr. Gee’s lecture was followed by a discussion. A vote of thanks to the Lecturer, 
proposed by Professor C. E. H. Bawn, was carried with enthusiasm. 


“Some Recent advances in the Chemistry of Macrocyclic Compounds,’’ by Professor 
V. Prelog. 


A meeting was held in the Chemistry Lecture Theatre of the University on February 
24th, 1949, with Dr. W. B. Whalley in the Chair. 


The lecture was followed by a discussion and a vote of thanks to the lecturer, proposed 
by Professor R. A. Morton, was carried with acclamation. 
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NOTTINGHAM. 


“‘ The Shape of the Chemical Bond,”’ by Professor C. A. Coulson, M.A., D.Sc. 


A joint meeting with the University Chemical Society was held in the Chemistry 
Department of the University on February 24th, 1949, with Dr. M. H. Everdell in the 
Chair. 

After a brief historical introduction Professor Coulson outlined the concepts of atomic 
orbitals and then extended these concepts to a consideration of molecular orbitals. The 
lecturer proceeded to a discussion of the chemical bonds in the hydrogen molecule-ion 
(H,*) and other simple molecules and concluded his address by a consideration of butadiene, 
benzene, and toluene. 

A discussion followed, and the meeting was concluded by a vote of thanks to the 
lecturer, proposed by Dr. B. D. Shaw, which was carried with acclamation. 


** Some Metabolic Products of Moulds,’’ by Professor A. Robertson, M.A., F.R.S. 


A joint meeting with the University Chemical Society was held in the Chemistry 
Department of the University on March 10th, 1949, with Professor F. E. King in the 
Chair. 

After some introductory remarks on the general nature of lichens and moulds, Pro- 
fessor Robertson discussed the problems encountered in the elucidation of the structure 
of usnic acid—a metabolic product obtainable from a number of species of lichens belong- 
ing to the genus Usnea. The lecturer proceeded to a consideration of the structure of 
citromycetin (isolatable from cultures of various species of Cttromyces) and of its decarb- 
oxylated product, citromycin, and concluded his address by a consideration of the 
‘“‘ angular ’’ formule for these compounds. 

A discussion followed, and a vote of thanks to the lecturer, proposed by Dr. J. C. 
Roberts, was carried with acclamation. 


SHEFFIELD. 


“Hydrogen Peroxide as an Ionising Solvent,’’ by Professor W. F. K. Wynne-Jones, D.Sc. 


A joint meeting with the Sheffield University Chemical Society was held in the Chemistry 
Department of the University on February 17th, 1949, with Professor R. D. Haworth 
in the Chair. 

Professor Wynne-Jones dealt with the work at present in progress at Newcastle; 
in particular with the standardisation of the glass electrode in hydrogen peroxide, and 
the nature and extent of the ionisation of hydrogen peroxide. The question of the 
relative strengths of acids in various solvents was also discussed. 


A vote of thanks to the lecturer, proposed by Mr. H. J. V. Tyrrell, was heartily 
accorded. 


*‘ The Chemistry of Colchicine,’’ by Professor J. W. Cook, D.Sc., F.R.S. 


A joint meeting with the Sheffield University Chemical Society was held in the Chemistry 
Department of the University on March 3rd, 1949, with Professor R. D. Haworth in the 
Chair. 

Professor Cook gave a most informative account of the problems presented by the 
peculiar structure of colchicine, and of the experimental evidence on which the present 
formula was based. 


A vote of thanks to the lecturer, proposed by Dr. T. S. Stevens, was heartily accorded. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ten days of the date of publication of the “‘ Journal’’ for March 1949. Such 
objections will be treated as confidential. The forms of application are available in the Library.) 


*Akerman, Henry Edwin. British. 5, Vicarage Park, Plumstead, S.E. 18. Student. Signed by : 
A. I. Vogel, G. H. Jeffery, J. Leicester. 

*Anet, Frank Adrien Louis, B.Sc. (Sydney). British. 79, Tweedmouth Avenue, Rosebery, N.S.W., 
Australia. Research Student. Signed by : R. J. W. Le Févre, L. E. Lyons, T. Iredale. 

Anthony, John. British. 93, Hornsey Lane, Highgate, N.6. Food Chemist. Marks & Spencer, Ltd. 
Signed by : L. C. Baker, H. E. Rooke, E. B. Hughes. 

*Atkinson, Richard Maxwell, B.Sc. (Dunelm). British. Manor Cottage, Hockwold. Research Chemist 
and Farm Manager. Signed by : Denis Dickinson, W. B. Adam, F. Hirst, Fred Brown. 

Banerjea, Promode Ranjan, M.Sc. (Calcutta). Indian. Chemisches Institut der Universitat, Zurich, 
Switzerland. Research Student. Signed by: R. G. Spickett, W. C. J. Ross, Daniel M. Brown. 

*Bauer, Ludwig, B.Sc. (Sydney). British. 237, Sydenham Road, Marrickville, N.S.W., Australia. 
Research Student. Signed by : R. J. W. Le Févre, T. Iredale, J. Cymerman. 

Bayles, John William, B.A. (Oxon.). British. 51, Dene Road, Headington. Student at Oxford 
University. Signed by: R. P. Bell, E. Gelles, L. A. K. Staveley. 

*Beal, Rhona, B.Sc. (Lond.). British. 43, Desborough Road, Plymouth. Research Chemist. Signed 
by : M. Luscombe, E. R. Braithwaite, John Chapman. 

Becket, James David. British. 72, Greencourt Drive, Bognor Regis. Bacteriologist and Chemist. 
C. Shippam, Ltd., Chichester. Signed by : E. M. Chatt, Francis H. Banfield, L. E. Campbell. 
Bendle, John Huxtable, B.Sc. (Lond.), F.R.I.C. British. 13, Clifton Avenue, West Hartlepool. Chief 
Chemist, Cerebos, Ltd. Signed by : Cyril J. H. Stock, Thomas McLachlan, Harold B. Brown. 
Bentley, Alan Bertram, A.R.I.C. British. 5, Speedwell Road, Edgbaston, Birmingham. University 

Student. Signed by : A. B. Foster, M. Stacey, Maurice A. G. Kaye. 

Bizzell, John Stuart. British. 28, Canonbury Road, Enfield. Perfumery Chemist. Signed by: 
H. Holness, R. Longworth, K. R. Lawrence. 

Birchenough, Michael John, B.Sc. (Lond.), A.R.I.C. British. 14, Melody Road, Wandsworth, S.W. 18. 
Lecturer. Signed by : John Yudkin, H. B. Hopkins, H. Burton. 

Bird, Theodore Bassett, B.Sc. (Birm.). British. 19, Clarendon Road, Edgbaston, Birmingham 16. 
Research Chemist. Signed by: A. E. W. Bailey, C. E. Kendall, M. Gordon. 

*Bohl, Eric James, A.R.I.C. British. 17, Richard Kelly Close, Liverpool 4. Development Chemist, 
Brown, Bibby & Gregory, Ltd., Liverpool 19. Signed by: H. H. Armstrong, A. E. Findlay, 
R. R. Butler. 

*Broomhead, Frank. British. 145, Catherine Street, Doncaster. Research Assistant. Signed by : 
H. Wilson, S. Critchley, R. Leslie Collett. 

*Byers, Alexander, B.Sc. (Glas.), Ph.D. (Birm.), A.R.I.C. British. Department of Chemical Engineer- 
ing, The University, Birmingham 15. Research Student. Signed by: C. R. Porter, B. Wood, 
T. Selvaratnam. 

*Campbell, Charles. British. 14, Lefroy Street, Coatbridge. Student, Royal Technical College, 
Glasgow. Signed by : Geoffrey T. Newbold, John McLean, O. C. Musgrave. 

Campbell, Hugh Hannay, B.Sc. (Edin.), Ph.C., F.R.I.C. British, Pharmacy Department, Heriot 
Watt College, Edinburgh. Head of Pharmacy Department, Heriot Watt College. Signed by : 
Robert G. M, Dakers, A. Mackie, G. Elliot Dodds. 

*Cannon, Jack Richard, B.Sc. (Sydney). British. 26, York Street, Epping, N.S.W., Australia. Demon- 
strator in Organic Chemistry, University of Sydney. Signed by: R. J. W. Le Févre, 7. Iredale, 
R. Durie. 

*Casimir, Donald John, B.Sc. (Sydney). British. 29, Arthur Street, Homebush, N.S.W., Australia. 
Research Student. Signed by: R. J. W. Le Favre, T. Iredale, P. M. Stubbin. 

Carding, John Raymond. British. Sutherland House, 273, Uttoxeter Road, Longton, Stoke-on-Trent. 
Undergraduate, Sheffield University. Signed by: Alex. H. Lamberton, D. H. Peacock, T. S. 
Stevens. 

Carruthers, William, B.Sc. (Glas.). British. 44, Winifred Street, Millerston, Glasgow. Research 
Associate, Glasgow University. Signed by : J. W. Cook, James D. Loudon, G. M. Badger. 

Chackitt, Kenneth Frederick, B.Sc. and Ph.D. (Birm.). British. The Observatory, Durham. Univer- 
sity Research Assistant. Signed by : G. R. Martin, W. K. R. Musgrave, F. A. Paneth. 

*Chadwick, James, B.Sc.Tech. (Manc.). British. 43, Bury Old Road, Heywood. Demonstrator in 
Chemistry, University of Manchester. Signed by : J. Kenner, G. Baddeley, A. Burrawoy. 

*Clark, Peter Frederick. British. 102, Barnehurst Road, Barnehurst. Student, Imperial College. 
Signed by : A. D. Jenkins, A. J. B. Edgar, J. W. Griffin. 

*Cobb, James Gordon Charles. British. 49, Granville Road, Parkstone. Analytical Assistant. Signed 
by : Alan Jewsbury, W. L. Thomas, G. K. Osborn. 

Collins, Stanley Thomas. British. 33, James Road, Dartford. Chemist in charge of production. 
Signed by : F. E. Smith. T. Dewing, H. M. Hood. 

*Conduit, Cyril Pelham. British. 18, George Street, Daybrook. Student. Signed by: John C. 
Roberts, M. H. Everdell, C. C. Addison. 
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Davies, Jack Norman, B.Sc. (Lond.). British. 73, Victoria Road, Stroud Green, N. 4. Scientific 
Officer, Experimental and Research Station, Cheshunt. Signed by : W. Gerrard, C. G. Smith, 
I. L. Finar. 

Deer, Charles Edward. British. 14, Front Street, Lanchester. ChiefChemist. Signed by : H. Holmes, 
F. V. Wells, G. Kempson-Jones. 

*Dernie, Eric. British. 83, Abbey Street, Worksop. Student, Sheffield University. Signed by : 
D. H. Peacock, Alex. H. Lamberton, H. D. Turner. 

Desty, Dennis Henry, B.Sc. (Lond.). British. 1, Wiltshire Gardens, Whitton, Twickenham. Research 
Chemist. Signed by: N. K. Adam, A. R. Burkin, K. R. Webb, E. Cartmell. 

*De Witt, Kenneth Wallace. British. 339, Locking Road East, Weston-super-Mare. Student. 
Signed by : John F. W. McOmie, T. Malkin, F. H. Pollard. 

Dickenson, Haydn Geoffrey, B.Sc. and Ph.D. (Dunelm). British. Ward, Blenkinsop & Co., Ltd., 
Helebank Factory, Lower Road, Nr. Widnes. Chief Chemist. Signed by: K. T. Chapman, 
W. Kelly, A. Campbell. 

Easton, William White, B.Sc. and Ph.D. (Edin.), A.R.I.C. British. ‘‘ Whytcolm,”’ Brightons, Falkirk. 
Lecturer, University of Edinburgh. Signed by : David M. Wilson, Duncan Taylor, Neil Campbell. 

Edwards, Aubrey Harris, B.Sc. (Lond.), A.R.I.C. British. 48, Monkseaton Drive, Monkseaton, 
Northumberland. Chief Coal Survey Officer, Northern Div., N.C.B. Signed by : John M. Jones, 
J. Ivor Graham, W. Idris Jones. 

*El-Halim, Fathy Mohamed Abd, B.Sc. (Farouk I Univ.). Egyptian. c/o Royal Egyptian Club, 
4, Chesterfield Gardens, Mayfair, W. 1. Research Student, Birkbeck College. Signed by: 
W. Wardlaw, D. J. G. Ives, Alfred J. Taylor. 

Fielding, Ernest Barford, B.Sc. (Lond.). British. Swiss Cottage, West Winch, Kings Lynn. Works 
Chemist. Signed by : W. Gerrard, W. A. Smeaton, C. G. Smith. 

*Ferguson, Hugh Fraser. British. Barrow Hall, Barrow on Soar, Leicestershire. Student. Signed 
by : C. Whitewell, J. M. Connolly, G. Oldham. 

Flynn, Daniel Godfrey, B.Sc. and Ph.D. (Liverpool), A.R.I.C. British. c/o May and Baker, Ltd., 
Dagenham. Research Chemist. Signed by : M. B. Green, C. A. Long, H. J. Barber. 

*Foster, Frank Leach. British. 8, Park Avenue, Timperley. Student, Liverpool University. Signed 
by: W. B. Whalley, R. J. S. Beer, A. McGookin. 

*Fanklin, Norman Albert Jessel. British. Balliol College, Oxford. Student. Signed by: W. A. 
Waters, D. R. J. Boyd, S. L. Cosgrove. 

Freeman, Hans Charles, B.Sc. (Sydney). British. 43, Newcastle Street, Rose Bay, N.S.W., Australia. 
Student, Sydney University. Signed by : R. J. W. Le Févre, T. Iredale, L. E. Lyons. 

*Ginger, Donald Albert, B.A. (Cantab.). British. c/o Nash & Thompson, Ltd., Oakcroft Road, 
Tolworth. Analyticaland Research Chemist. Signed by : R. Kerr, Philip Bowden, R. G. W. Norrish. 

*Halford, Ronald George. British. 6, Balmoral Road, St. Andrews, Bristol 7. Student. Signed by : 
T. Malkin, John F. W. McOmie, F. H. Pollard. : 

Hampshire, George Kenneth, M.A. (Oxon.). British. c/o I.C.I. Ltd., General Chemicals Division, 
Cunard Building, Liverpool 3. Chairman, General Chemical Division. Signed by: W. A. M. 
Edwards, J. P. Baxter, L. J. Burrage. 

*Handford, Robert Percy, B.Sc. (Manc.). British. 5, Clifton Avenue, Fallowfield, Manchester 14. 
H.M. Forces. Signed by : T. G. Halsall, A. E. Gillam, P. H. Plesch. 

Harding, Anthony John, M.A. and Ph.D. (Cantab.). British. 26, Lyndewode Road, Cambridge. 
Demonstrator in Physical Chemistry, Cambridge University. Signed by: R. G. W. Norrish, 
F. S. Dainton, J. N. Agar. 

*Harris, Derek Adlington. British. 161, Southmead Road, Westbury-on-Trym, Bristol. Junior 
Plant Control Chemist. Signed by : Arthur Marsden, W. Pearson Thistlethwaite, G. H. Moore. 

*Henshall, Harold Gordon. British. ‘‘ Woodthorne,’’ Wergs Road, Tettenhall, Wolverhampton. 
Analyst in the National Agricultural Advisory Service. Signed by: F. R. Harris, J. H. Waton, 
V. Evans. 

Herbert, William Thomas, B.Sc. (Lond.), A.R.I.C. British. 33, Harbord Road, Waterloo, Lancs. 
Chief Chemist, Lancashire Tar Distiller, Ltd., Manchester. Signed by: J. R. Gray, W. Sabell, 
S. Biggs. 

*Hough, Leslie, M.Sc. (Manc.), A.R.I.C. British. 12, Westbury Park, Bristol 6. Research Student. 
Signed by : J. K. N. Jones, F. H. Pollard, T. Malkin. 

Jacobi, Roland Bernard, B.Sc. and Ph.D. (Lond.), A.R.C.S., D.I.C. British. 2, Frome Road, Chilton, 
Nr. Didcot. Assistant, A.LE.R.E. Signed by : Bryan A. Lister, G. B. Cook, James F. Duncan. 

*Johnston, James David. British. 25, Fulwood Place, Glasgow W. 3. Student, Royal Technical 
College, Glasgow. Signed by : Geoffrey T Newbold, John McLean, O. C. Musgrave. 

Jolles, Zvi Enrico, D.Chem. and D.Sc. (Florence). British. 100, Heywood Road, Prestwich, Nr. 
Manchester. Research Chemist, I.C.I. (Dyestuffs), Ltd. Signed by: H. A. Piggott, E. H. Rodd, 
K. H. Saunders. 

*Kidman, Sidney Louis. British. 105, Blackheath Road, Greenwich, $.E. 10. Student, Woolwich 
Polytechnic. Signed by : J. Norman Robson, A. I. Vogel, G. H. Jeffery. 

*Mathieson, Alexander Robinson, B.Sc. (Dunelm). British. 27, Railway Road, Newbury. Scientific 
Civil Service. Signed by : S. Kaminsky, E. W. Jackson, W. H. J. Vernon. 

*Mayes, James. British. 11, Espin Street, Walton, Liverpool 4. Analytical Chemist. Signed by : 
A. E. Findley, R. R. Butler, L. H. W. Hallett. 
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Milne, John Noel, A.R.I.C. British. The Distillers Company, Ltd., Great Burgh, Epsom. Research 
Chemist. Signed by : Donald Faulkner, L. S. Abbott, E. G. E. Hawkins. 

Metra, Arun Chandra, B.Sc. (Calcutta). Indian. 16, Elsdon Street, Stockton-on-Tees. Trainee 
Chemical Engineer under Government of India. Signed by: P. L. Robinson, E. E. Aynsley, 
R. E. Dodd. 

Morrison, Alexander Lang, B.Sc. (Glasgow), D.Phil.Nat. (Frankfurt-a-Main), F.R.I.C. British. 
9, Coneydale, Welwyn Garden City. Research Manager. Signed by : W. D. Whittaker, A. Cohen, 
A. W. d’A. Avison. 

*Nancollas, George Harvey, B.Sc. (Wales). British. 27, Alexandra Road, Aberystwyth. Research 
Student. Signed by : C. W. Davies, C. B. Monk, Mansel Davies. 

*Neville, Roy Gerald. British. 85, Malvern Road, Bournemouth. Student, University College, 
Southampton. Signed by : K. R. Webb, N. B. Chapman, W. V. Blakey. 

*Norman, Alan Thomas. British. 37, Hill Street, Manly, N.S.W., Australia. Student. Signed by : 
R. J. W. Le Févre, T. Iredale, P. M. Stubbin. 

*Oates, Alfred Edward. British. 19, Clytha Square, Newport. Student. Signed by : H. B. Watson, 
J. Ormston, W. D. Williams. 

Panton, Francis Harry. British. 80, West Parade, Lincoln. Student. Signed by : M. H. Everdell, 
John C. Roberts, C. C. Addison. 

*Parkes, Dennis Edward. British. 12, Surrey Street, Ryde, Isle of Wight. Student, University 
College, Southampton. Signed by : K. R. Webb, E. Cartmell, A. R. Burkin. 

*Pedrick, Aubrey Andrew. British. 1, Scott Villas, Bounds Green Road, New Southgate, N. 11. 
Assistant Chemist. Signed by : F. B. Jones, N. H. Philip, E. J. Chappel. 

*Powell, Arthur David Geiger, B.Sc. (Sydney). British, 14, Cranbrook Road, Rose Bay, Sydney, 
N.S.W., Australia. Student, Sydney University. Signed by: R. J. W. Le Févre, T. Iredale, 
P. M. Stubbin. 

Pritchard, Harry, M.Sc. (Lond.), F.R.I.C. British. ‘“‘ Highbury,’’ Brancote Gardens, Bromborough. 
Consultant. Signed by : P. N. Williams, G. P. Gibson, Alan D. Scott. 

Radley, Jack Augustus, M.Sc. (Lond.), F.R.I.C. British. 87, School Road, Tilehurst, Nr. Reading. 
Chemical Consultant. Signed by : E. H. Rodd, H. A. Piggott, W. A. Sexton. 

*Rands, Raymond, B.Sc. (Manc.). British. 251, Manley Road, Chorlton, Manchester 21. H.M. 
Forces. Signed by : A. E. Gillam, G. N. Burkhardt, B. J. Heywood. 

Rao, Kilaru Nageswara. Indian. 3, Rectory Road, Penarth. Student, University College, Cardiff. 

Signed by : W. J. Jones, N. M. Cullinane, S. T. Bowden. 


Roberts, Geoffrey Arthur Hammond, M.A. and B.Sc. (Oxon.), A.R.I.C. British. 30, Wentworth Road, 
South Yardley, Birmingham 26. Research Chemist, Bakelite, Ltd. Signed by: T. T. Jones, 


A. A. K. Whitehouse, P. A. Griffin. 

*Roitt, Ivan Maurice, B.A. (Oxon.). British. Balliol College, Oxford. Student. Signed by: 
W. A. Waters, Stanley L. Cosgrave, David A. H. Taylor. 

*Roselaar, Leonard Cyril. British. 44, Cambridge Court, Amhurst Park, N. 16. Chemistry Student, 
St. Catherine’s Society, Cambridge. Signed by : F. M. Brewer, L. J. Goldsworthy, G. T. Young. 

*Rushton, John Bernard. British. 243, Billing Road East, Northampton. Student. Signed by : 
B. A. Willson, W. Siddall, D. R. W. Bell. 

Saddington, Kenneth, B.Sc. (Lond.), F.R.I.C. British. 63, Bath Street, Abingdon. Senior Scientific 
Officer, Ministry of Supply. Signed by : John S. Nairn, Fred Hudswell, A. A. Smales. 

Savage, Jack Palmer, B.Sc. (Liverpool), A.R.I.C. British. 4, Glenluce Road, Liverpool 19. Research 
Chemist, Lever Bros. & Unilver, Ltd. Signed by : R. Jamsett, G. P. Gibson, E. H. Shepherd. 

*Shephard, Basil Robert, A.R.I.C. British. 79, Hartswood Road, Stamford Brook, W. 12. Assistant 
Chemist. Signed by : H. W. Gurney, W. Graham, P. A. Wilkinson. 

Shrimpton, Ronald Horace, B.Sc. (Birm.). British. 109, Blakeland Road, Perry Barr, Birmingham 22b. 
Research Chemist. Signed by: F. A. Jones, W. Cooper, W. H. T. Davison. 

Silberschmidt, Robert, Chem.Eng. (Zurich), Ph.D. (Edin.). Swiss. Grenzacherstrasse 124, Basle, 
Switzerland. Assistant Manager of Research Dept., Hoffmann-La Roche & Co., Ltd., Basle. 
Signed by : F. Bergel, A. Cohen, N. C. Hindley. 

*Simmons, Ivor Lawrence. British. 10, Eton Place, Eton College Road, N.W. 3. Student, Chelsea 
Polytechnic. Signed by : J. F. J. Dippy, J. McGhie, P. J. Barry. 

*Sinclair, Violet Catherine, B.Sc. (Glas.). British. Institute of Chemistry, The University, Glasgow W. 2. 
Research Student. Signed by : J. M. Robertson, James D. Loudon, Sydney C. Abrahams. 

*§mith, Everard John, B.Sc. (Lond.), A.R.I.C. British. 20, Beaumont Terrace, Gosforth, Newcastle- 
upon-Tyne 3. Research Student, King’s College, Newcastle. Signed by: P. L. Robinson, 
E. E. Aynsley, Edmund Bishop. 

*Smith, Peter, M.A. (Cantab.). British. Queens’ College, Cambridge. Research Student, Cambridge 
University. Signed by : B. Lythgoe, Philip Bowden, F. S. Dainton. 

Snell, Stephen Charles James Christopher, B.Sc. (Lond.). British. 71, Christchurch Road, Southend- 
on-Sea. Experimental Officer, D.S.I.R. Signed by : T. Moore, R. W. Hodgkinson, J. E. Brimley. 

Summerscales, Jean Walker, B.Sc. (Leeds). British. 1, Rosemont Road, Bramley, Leeds. Assistant 
Biochemist, Royal Manchester Children’s Hospital. Signed by : Frederick Challenger, Rowland 
W. Saville, Margaret I. Simpson, Kenneth Bowden. 

*Sutton, John Doran. British. 13, Earls Road, Tunbridge Wells. Student. Signed by : K. R. Webb, 
E. Cartmell, A. R. Burkin. 
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Tattersall, Frank, B.Sc. (Sheffield), A.R.I.C. British. 14, Fairfield Road, Widnes. Works Research 
Chemist. Signed by : J. H. Harwood, H. Bassett, S. Hill. 

*Tedder, John Michael, B.A. (Cantab.). British. 55, Augustus Road, Edgbaston, Birmingham 15. 
Research Student, University of Birmingham. Signed by: B. C. Saunders, F. G. Mann, 
P, Maitland. 

Thomas, Howard, B.Sc. (Lond.), A.R.I.C. British. 19, Lawn Road, Rowley Park, Stafford. Chemist, 
English Electric Co., Stafford. Signed by : H. D. Gardner, Robert Popple, G. H. Jones. 

Timmington, Herbert, B.Pharm. (Lond.), Ph.C., M.P.S. British. 1a Ash Grove, E.8. Pharmaceutical 
Chemist. Signed by : A. Krajkeman, H. W. Vernon, M. Mitchell. 

*Tuck, Dennis George. British. 144, Onbridge Lane, Stockton-on-Tees. Student, Durham Univer- 
sity. Signed by : W. K. R. Musgrave, G. H. Christie, C. W. Gibby. 

Turnovsky, Lev, M.Sc. (Ohio). Czech. c/o Westinghouse Brake and Signal Co.,Chippenham. Analyst. 
Signed by : Gerald Druce, J. H. Pryor, W. G. Bartley. 

Tyrrell, Michael David Francis, B.Sc. (Lond.), A.R.I.C. British. 3, Warwick New Road, Leamington 
Spa. Research Chemist. Signed by : N. K. Adam, I. G. M. Campbell, K. R. Webb. 

Walton, Gilbert Northcott, B.A. and B.Sc. (Oxon.). British. 3, Clifton Drive, Abingdon. Senior 
Scientific Officer, A.E.R.E. Signed by: J. F. Duncan, Bryan A. Lister, H. A. C. McKay. 

Westby, Paul John Kenneth, B.Sc. (Bristol). British. 44, Parkland Road, Woodford Green. 
Chemistry Master, St. Benedict’s School, Ealing. Signed by: E. L. Hirst, C. E. H. Bawn, 
C. F. H. Tipper. 

Whitney, Geoffrey Fitzwalter Herron, B.Sc. (Lond.), A.R.I.C. British. ‘‘ Avebury,’’ Goring-on- 
Thames. Research Chemist, Shepherd’s Aerosols, Ltd. Signed by: K.L. Butcher, R. E. Dean, 
G. A. Stewart. 

Whittaker, Kenneth. British. 15, Wyndham Crescent, Bridgend. Assistant Chemist. Signed by : 
David P. Evans, Leo Ivanovszky, H. Bowyer. 

Williams, Alan Fowler, M.Sc. (Wales), A.R.I.C. British. c/o 48, Crossmead, Eltham, S.E. 9. 
Research Chemist. Signed by: J. E. Mills, R. Hutt, J. G. Bennett. 

*Willimott, John Robert, B.Sc. (Melbourne). British. Department of Chemical Engineering, Univer- 
sity of Sydney, N.S.W., Australia. Research Student. Signed by: T. Iredale, Phillip Souter, 
H. G. Holland. 

*Woodward, Albert William Thomas, B.Sc. (Lond.), A.R.I.C. British. 33, Tenby Road, Edgware. 
Research Chemist. Signed by : Keith H. V. French, R. A. Fraser, W. H. Hoffert. 

*Worthington, Ralph Eric, B.Sc. (Birm.). British. 11, Bairstow Street, Preston. Analytical Chemist. 
Signed by : F. J. Armson, Thomas P. Gervis, M. F. Sheppard. 

*Wright, Dudley Cyril Brazier. British. 46, Myddelton Park, Whetstone, N. 20. Student. Signed 
by : Stanley P. Kipping, W. Gerrard, James Daly. 

Wright, Richard Donald, B.Sc. (Lond.). British. 120, Lime Grove, Newark. Works Chemist, Boots 
Pure Drug Co., Ltd. Signed by : D. E. Moss, J. W. Albans, J. S. Dunning. 

Yates, Kenneth Evans, B.Sc. (Sheffield). British. 81, Ellenbrook Road, Boothstown, Manchester. 
Chief Chemist, L. Dennis & Co., Ltd. Signed by: R. D. Haworth, E. M. Stoddart, Alex H. 
Lamberton. 

Yates, William Howard. British. Linwood Lodge, Knowle, Birmingham. Managing Director, 
Eglinton Yates & Co., Ltd. Signed by: L. L. Bircumshaw, M. Stacey, S. R. Carter. 


a PROVISIONS APPERTAINING TO CANDIDATES RESIDENT 
ROAD. 


Gisel, Eugene Alfred, B.A. (Woodstock Coll.), M.A. (Gonzaga U.), Ph.D. (Rome). American. Ford- 
ham University, New York 58, New York, U.S.A. Chairman of Chemistry Department. Signed 
by : J. B. Muenzen. 

Henkart, Charles Emile, D.Sc. (Brussels). Belgian. Laboratoire du Recherches Physiques, A.C.E.C., 
Charleroi, Belgium. Research Worker. Signed by : Richard H. Martin. 

Hnilica, Lubomir. Czech. Susilova 71, Hodonin, Czechoslovakia. Student, Masaryk’s University. 
Signed by : V. Cupr. 

Jatkar, Shankar Khando Kulkarni, D.Sc. (Bombay), F.R.I.C. Indian. Indian Institute of Science, 
Bangalore 3, India. Assistant Professor of Chemistry. Signed by : H. E. Watson. 

Lalande, William Alfred, M.Sc. and Ph.D. (Penn.). American. Pennsylvania Salt Manufacturing Co., 
Box 4388, Chestnut Hill P.O., Philadelphia 18, Penna., U.S.A. Director of Research and Develop- 
ment. Signed by : Ralph L. Evans, Foster D. Snell. 

Malan, Jacques, M.A. (Capetown), Ph.D. (Manchester), F.R.I.C. South African. Research Dept. 
African Explosives & Chemical Industries, Ltd., P.O. North Rand, Transvaal, S.A. Deputy 
Research Manager. Signed by : E. Taberner. 

Trzebiatowski, Wladimir, Dr.Sc. (Lwow). Polish. 20, ul. Gierymskich, Wroclaw 12, Poland. Pro- 
fessor of Chemistry, University of Wroclaw. Signed by : T. Urbanski. 
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PAPERS RECEIVED 
List of papers received between February 8th, 1949, and March 16th, 1949. 


“Charge distribution and bond orders in aminostilbene and related molecules.’’ By 
C. A. CouLson and (Miss) J. JACoBs. 

‘* Acid-catalysed alcoholysis. Part III. Polar solvents.’’ By M. F. CARROLL. 

“Reactions of cyclic hydrocarbons. Part I. The sulphonation of cyclohexene and 
1-methyleyclopentene.’’ By R. SPERLING. 

“Reactions of cyclic hydrocarbons. Part II. The polymerisation of cyclohexene and 
1-methylcyclopentene.”’ By R. SPERLING. 

“Reactions of cyclic hydrocarbons. Part III. The action of oleum on cyclohexane, 
cyclohexene, and related hydrocarbons.”” By R. SPERLING. 

‘‘ Action of a mixture of acetic anhydride and sulphuric acid on an acetic acid solution 
of cyclohexene.”’ By R. SPERLING. 

‘‘ Preparation of ‘ cis ’-cyclohexane-1 : 2-disulphonic acid.’’ By R. SPERLING. 

‘The synthesis and properties of 2 : 7-disubstituted-1 : 2 : 3 : 4-tetrahydro#soquinolines.”’ 
By M. H. Breesy and F. G. MANN. 

‘* Some observations on salts of amidines and related compounds.’’ By J. WALKER. 

“Syntheses with 4-alkylideneoxazolones. Part I. The condensation of aliphatic 
aldehydes with hippuric acid.”” By I. L. Finar and D. D. Lipman. 

‘* Auto-oxidation of a-phellandrene.’”’ By A. BLUMANN and L. RYDER. 

‘The mechanism of inhibition by chromic acid and potassium chromate.’’ By J. E. O. 
MAYNE and M. J. Pryor. 

‘“‘The organic compounds of gold. Part XI. Diethylthiocyanatogold.”” By W. L. G. 
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